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Comparative Analyses of Mathematics Teachers’ Efficacy  
Using Classical Test Theory and the Rasch Model 
By:  Catherine F. Head 
 
 Self-efficacy is a key piece of Bandura’s (1984) social cognitive theory and has 
been shown in previous studies to be a strong predictor of student achievement, 
motivation, collaboration, and teacher leadership.  Teacher efficacy, in particular, is the 
belief a teacher holds about the capability to reach all students in the classroom.  The 
purpose of this study was to investigate the validity and reliability of the Teacher Sense 
of Efficacy Scale (Tschannen-Moran & Hoy, 2000) and the Mathematics Teacher 
Efficacy Beliefs Inventory (Enochs, 2001) using both Classical Test Theory and Rasch 
Measurement analyses.  Secondly, the study sought to compare the efficacy levels of 
elementary, middle, and high school teachers (N= 263). The findings of the current 
examination indicated that the scales utilized were reliable through both Classical Test 
Theory and Rasch measurement.  The Rasch analysis also showed that both scales 
contained items that were too easy for experienced teachers to answer and did not 
distinguish well between those that had high and low efficacy.  In addition, the findings 
indicated a significant difference in efficacy levels between elementary teachers and the 
middle and high school teachers, with the elementary teachers reporting a higher level of 
teacher efficacy.  The findings suggest that further research is needed, given the current 
reform efforts in mathematics education, both in developing more refined teacher 
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efficacy measurement instruments and investigating the reasons for the differences in 
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CHAPTER I:  BACKGROUND AND STATEMENT OF THE PROBLEM 
 
 Teachers need to know and use “mathematics for teaching” that combines 
 mathematical knowledge and pedagogical knowledge.  They must be 
 information providers, planners, consultants, and explorers of uncharted 
 mathematical  territory.  They must adjust their practices and extend their 
 knowledge to reflect changing curricula and technologies and to incorporate 
 new knowledge about how students learn mathematics. (National Council  for 
 Teachers of Mathematics, 2000, p. 370). 
 The capability to compete in our ever-changing and increasingly complex global 
society ignited the resolve to reform our public school education across a broad array of 
areas (Darling-Hammond, 2010).  One area in particular is that of mathematics, which 
continues to play an important role in jobs and innovation.  This requires students to not 
only have the ability to compute accurately, but also to think and reason critically about 
mathematical concepts (Darling-Hammond, 2010; Hiebert, Carpenter, Fennema, Fuson, 
Wearne, Murray, Olivier, & Human, 1997; National Council for Teachers of 
Mathematics, 1989, 2000; Wagner, 2009).  Due in great part to the publication of The 
National Council for Teachers of Mathematics (1989, 2000) Curriculum and Evaluation 
Standards for school Mathematics, later revised and called, Principles and Standards for 
school Mathematics, over the past 20 years a shift was suggested moving from teaching 
and learning mathematics through a procedural lens to a more constructivist perspective 
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where students are encouraged to become more actively engaged in their learning.  In 
many cases, shift requires teachers to instruct in ways that run counter to the ways they 
learned mathematics throughout their own education (Hiebert, 1997).  The success of 
such reform efforts will depend on how well teachers believe in their ability to change or 
modify their pedagogy and still retain the ability to reach all students (Bandura, 1997; 
Woolfolk Hoy, 2000). 
 Teacher efficacy is a construct developed over 30 years ago.  The definition has 
moved through several modifications as more research has been conducted but overall, 
teacher efficacy is defined as the belief a teacher has in her or his ability to reach all 
students (Ashton, 1986; Bandura, 1986; Berman & McLaughlin, 1977; Gibson & Dembo, 
1984; Tschannen-Moran, Woolfolk Hoy, & Hoy 1998).  The construct has proven to be a 
strong predictor of student achievement, motivation, collaboration, and teacher leadership 
(Ashton & Webb, 1986; Goddard, Hoy, & Woolfolk Hoy, 2000; Lee, Zhang, & Yin, 
2011, Puchner & Taylor, 2006; Ross, 1999; Tschannen-Moran et al.1998).  In this age of 
mathematics reform, it is crucial to develop teachers who have a high sense of efficacy as 
well as understand how recent reform movements have influenced experienced teachers’ 
sense of efficacy. Instruments used to measure teacher efficacy have, at times, displayed 
inconsistencies with respect to reliability and validity.  In addition, the construct stemmed 
from different theoretical underpinnings, which has added to the measurement concerns 
(e.g. Henson, 2008; Tschannen-Moran et al. 1998; Wheatley, 2005). 
 Measurement research in the social sciences encounters different issues than 
measurement in the physical world.  A basic definition of measurement is the assigning 
of numbers to represent some quantity (Wu & Adams, 2007).  Latent variables such as 
attitude or academic achievement are not directly observable when compared to distance 
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or temperature, where measurement directly relates to one of the human senses such as 
sight or touch.  Anxiety or achievement levels (latent traits) are internal constructs, and 
measurements of such traits are inferred through different observations of the measurer 
(Bond & Fox, 2007).  Therefore, in order to measure a latent construct, a clear definition 
of the construct must first be developed.  Only through a well-defined construct can items 
be developed that will accurately measure the trait under investigation (Wilson, 2008).   
Statement of the Problem 
	  
 Instruments researchers have created to measure teacher efficacy over the course 
of the past 25 years used Classical Test Theory methods to validate their instruments, 
which have been utilized in a range of studies (e.g. Ashton, 1986; Gibson & Dembo, 
1984; Tschannen-Moran et al.1998).  Issues arose across studies wherein reliability 
measures were either inconsistent or not reported correctly (Henson, 2008; Tschannen-
Moran et al. 1998; Wheatley, 2002).  Also, the majority of studies have focused primarily 
on pre-service teachers only, and not on experienced teachers   Assumptions were made 
that the instruments would work similarly for experienced teachers as the pre-service 
teachers. Do these same instruments work in the same way for experienced teachers?  
Are there differences in efficacy levels for elementary, middle, and high school teachers? 
  Cloudy conceptual framing of instruments has also contributed to differing 
results.  For example, the most commonly used teacher efficacy scale is Gibson and 
Dembo’s (1984) Teacher Efficacy Scale (TES).  Numerous researchers criticized the 
reliability and validity of the instrument.  Additionally, the scale had items that were 
derived from both Bandura’s definition of self-efficacy and Rotter’s locus of control 
theory.   
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 Classical Test Theory measures are the common way to analyze psychological 
measurement instruments.  However, Rasch (1960) analysis is a model that has the 
potential to more acutely measure scales of psychological constructs such as Teacher 
Efficacy at different levels.  The Rasch model extends analysis beyond just the scale and 
item level.  The Rasch model also investigates at the threshold level and provides a 
detailed view of how an instrument works beyond just the scale.  To date, researchers 
have not used the Rasch model for analyzing teacher efficacy and a gap in the literature 
exists in the use of Rasch modeling analysis with teacher efficacy instruments.  The 
history of teacher efficacy research has occurred through Classical Test Theory analysis, 
which can possibly limit what can be learned about the instruments from this singular 
standpoint.  In light of the many concerns over how teacher efficacy is measured and 
conceptualized, Rasch analysis has the potential to uncover new information about the 
reliability and validity of teacher-efficacy instruments.  Additionally, research exists in 
mathematics teacher efficacy is sparse (Klassen, Tze, Betts, & Gordon, 2011). 
Overview of Study 
	  
 The present study investigated whether there were significant differences in 
teacher efficacy between mathematics teachers at the elementary, middle, and high 
school levels.  The instruments utilized in the study were The Teacher Sense of Efficacy 
Scale (Tschannen-Moran et al. 1998) and the Mathematics Teacher Efficacy Beliefs 
Inventory (Enochs, Smilth, & Huinker, 2000).  The validity and reliability of the two 
teacher-belief instruments were analyzed using both Classical Test Theory and Item 
Response Theory measures.  The research questions that guided the inquiry were: 
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 Research Question 1.   Do both the Teacher Sense of Efficacy Scale (TSES) and 
the Mathematics Teacher Efficacy Beliefs Inventory (MTEBI) prove to be both valid and 
reliable using The Rasch Model analysis? 
 1.a.  Sub-question:  Are there differences in analysis using both Classical          
Test Theory methods and Item Response Theory (Rasch) methods? 
 Research Question 2.  Do differences exist in levels of teacher efficacy for 
mathematics teachers at the elementary, middle, and high school levels, gender, highest 
degree obtain, and ethnicity?  
 The study served two purposes.  First, research is sparse with respect to teacher 
efficacy beliefs of mathematics teachers are across the K-12 spectrum (Klassen et al., 
2011).  Much of the research to date has focused on pre-service teachers.  Given the 
importance of the relationship of this construct to factors such as motivation and student 
achievement, there is the potential for new information to emerge on the state of teacher 
efficacy with experienced teachers. Secondly, by analyzing the data from both Classical 
Test Theory analysis and Rasch measurement perspective, questions as to the strength of 
the construct as presently defined could be answered in addition to how well the current 
instruments actually measure teacher efficacy.   
Definition of Terms 
	  
 The following terms are defined below in order to give a detailed description of 
the major concepts discussed in the dissertation. 
 Classical Test Theory-an assessment measurement model that assumes any test 
score is the conceptualization of a random variable.  The score is composed of two parts- 
a true score and an error component.   The model is commonly expressed as X = T + E 
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where X is the observed score, T is the true score, and E is the amount of error (Crocker 
& Algina, 2008). 
 Item Response Theory-measurement model that illustrates the relationship 
between a person’s latent trait level with the response to an item on an assessment 
intended to measure that latent trait (Crocker & Algina, 2006). 
 Latent Trait (variable)-an unobservable characteristic such as anxiety or 
mathematics achievement. 
 Teacher Efficacy-the belief a teacher has in his or her ability to effectively reach 
all students in his or her classroom to their highest level of achievement (Tschannen-
Moran et al. 1998). 
 Rasch Measurement-a one-parameter logistic item response theory model (Bond 
& Fox, 2008). 
Methodology 
	  
 A quantitative research design was implemented to collect and analyze the data.  
A survey was used involving two pre-existing instruments, the Teacher Sense of Efficacy 
Scale (TSES) and the Mathematics Teacher Efficacy Beliefs Instrument (MTEBI), for 
data collection that included two open-ended questions in order to further extend or 
explain the findings from the survey answers.  Mathematics teachers from a suburban 
school system were invited to participate in the study.  The data from the returned 
surveys were analyzed using both Classical Test Theory and Rasch Modeling techniques.  
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Organization of Study 
 
 The following chapters detail the implementation of the study.  First, the next 
chapter provides a comprehensive review of the relevant literature and theoretical 
framework.  Bandura’s (1986) social cognitive theory is described as the backdrop for the 
construct of teacher efficacy.  Additionally, the basics of both Classical Test Theory and 
Rasch modeling are described.  The review of the literature includes self-efficacy, teacher 
efficacy, and the history of teacher efficacy measurement.  Chapter three lays out the 
methodology utilized to implement this study.  Chapter four describes in detail the data 
analysis procedures and results of the analyses from both Classical Test Theory and 
Rasch modeling.  Chapter five discusses the findings, connections to previous research, 
limitations, conclusions, and directions for future research.  This study addressed the 
current gap in the literature of utilizing Rasch modeling analysis with current teacher 
efficacy instruments and specifically addressing the teacher efficacy of mathematics 
teachers.  Measuring teacher efficacy accurately for mathematics teachers is needed first 
in order to better understand how the construct correlates with student achievement and 





























 Social Cognitive Theory (SCT) proposed by Albert Bandura (1986) provided the 
theoretical foundations for a large part of the concept of teacher efficacy.  However, 
sociocultural theorists such as Vygotsky (1978) provided underpinnings that also support 
and substantiate the concept of teacher efficacy albeit using different terms and 
definitions.  Vygotsky’s perspective provides a foundation for understanding the 
collaborative nature of human thought.  He believed that the social environment greatly 
impacted learning and development. He also postulated that humans have the capacity to 
alter their environment to better meet their own wants and needs.  Interactions with the 
environment fuel cognitive growth and innovative thinking.  Learning and development 
are not separated from their context.  As people interact with the world around them, 
these interactions stimulate thinking.  Vygotsky viewed interpersonal influences such as 
social interactions as critical in the development of knowledge with language as the most 
significant tool used to scaffold that knowledge (Schunk, 2008).   
 Social cognitive theory differs substantially from behaviorist theories that drove 
theoretical lines of inquiry during the first half of the 20th century.  Initially, behaviorists 
such as Pavlov and Kohler regarded human behavior as reactionary to the surrounding 
environment.  Cognitive aspects of human thought were not a focus (Vygotsky, 1978).  
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Later, sociocultural and social cognitive theorists hypothesized that more variables are 
involved when describing human behavior (Schunk, 2008).  Individuals are neither 
guided only by external factors in the social environment nor solely by internal factors 
(Bandura, 1986).  Rather, the majority of human behavior is the result of many 
interacting factors.  Bandura (1986) defined human functioning using a triadic reciprocal 
model of causation that included a combination of behavior, cognitive and other personal 
factors, and the environment all working bi-directionally.  Triadic reciprocity forms the 
base of social cognitive theory.  Causation refers to the “functional dependence between 
events” (Bandura, 1986, p. 5).   Although the term “reciprocity” infers equal causation, 
this is not always the case.  The influence of the factors will vary depending on the 
situation, and all factors will not necessarily be utilized at the same time (Bandura, 1997).    
Several capabilities act as mediators in the triadic model.  These include 
symbolizing, forethought, vicarious, self-regulatory, and self-reflective capabilities 
(Bandura, 1986).  Symbolizing is a powerful action that allows individuals to adapt and 
alter their environment by processing experiences into internal models that, in turn, 
provide guidance for present or future actions.  One of the most important influences on 
behavior is forethought.  This provides the means to set goals, plan courses of action, and 
anticipate outcomes.  Bandura stated that, “Forethought is the product of generative and 
reflective ideation” (1986, p. 21).  Learning occurs not only by enacting a response and 
experiencing the effects, but also by observing the behavior and consequences of others.  
This vicariously provides the individual an instance of learning by regulating what was 
witnessed into behavior patterns without having to go through a process of trial and error.  
For example, a child learns not to touch a hot stove by watching and the modeling of the 
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parents.  Thus, the child learns the stove is hot from the parent by observation rather than 
actual experience (Bandura, 1986, 1997).   
The final two human capabilities include self-regulatory and reflective factors.  
Bandura (1986) stated that behaviors can be encouraged and controlled internally.  In 
addition, humans also have capacity for “reflective self-consciousness” (Bandura, 1986, 
p. 20).  People act on their thoughts and then go back and think about how the situation 
evolved and analyze the end result.  Individuals can analyze their experiences and think 
meta-cognitively about other possibilities.  Reflection promotes further understanding 
and can redirect and enable individuals to reassess their own thinking.  
Self-Efficacy 
	  
 Bandura (1986, 1997) theorized that the beliefs people hold about their own 
capabilities and the products of their efforts can strongly impact the way they behave. 
These self-efficacy beliefs assist individuals in making decisions and choices and affect 
the effort devoted to a task, the motivation showed in seeing a task through, and the 
amount of anxiety experienced in the face of difficulties.  Self-efficacy has received a 
significant of attention in educational research over the past 20 years.  Studies have 
shown that self efficacy was an indicator of student achievement across academic areas, 
predicted college major and career choices; and was powerfully associated with 
motivation (Brown & Lent, 2006; Pajares & Urdan, 2006; Schunk & Pajares, 2005).  In 
addition to having strong effects on students, self-efficacy beliefs have been shown to 
have an impact on teacher motivation and determination in the classroom both at an 
individual and collective level (Gibson & Dembo, 1984; Tschannen-Moran et al. 1998).   
 Bandura (1986) stated that individuals interpret their self-efficacy levels using 
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four different sources.  The four sources include mastery experiences, vicarious 
experiences, verbal and social persuasions, and emotional and physiological states.  
 Mastery experience, which is considered the most powerful of the four sources, is 
the interpreted result of one’s previous accomplishments.  However, strong positive 
efficacy beliefs are built from successes that include instances of overcoming obstacles.  
Successes derived from easy situations can also result in instances where individuals 
come to expect quick and effortless results.  Individuals can become easily discouraged 
by failure and end up with a diminished efficacy as a result. Mastery experiences 
involving consistent effort in the face of ensuing obstacles provide a stronger and more 
resilient sense of efficacy.   
 Vicarious experiences are based on observing others.  In school this can appear as 
students judging their capabilities to succeed based on what they see from their peers.  
Beyond school, when an individual someone has the same level of education and 
expertise as their own succeeding in a business venture, it can strengthen the belief that 
they, too, could be successful at the same type of venture (Bandura, 1986).   
 Social persuasion relates to the messages individuals receive from others that can 
boost their confidence in their capabilities. Positive messages including words of 
encouragement and praise are examples that fall under social persuasion.  Individuals 
who are considered important in an individual’s life (such as parents and teachers) have a 
more powerful influence on affecting self-efficacy (Bandura, 1986).   
 Finally, physiological and emotional states refer to aspects such as anxiety, stress, 
and mood.  How individuals interpret their physiological state can become an indicator of 
perceived competence.  Self-efficacy beliefs fall under the umbrella of self-regulatory 
and reflective human capabilities and influence how determined individuals are in 
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completing a task, the motivational level in attempting to accomplish a task at a level of 
success, and the level of calm or anxiety a person experiences while involved in any 
number of tasks encountered in a person’s life (Bandura, 1989, 1997). 
 
 Efficacy beliefs are context-specific.  One can have a high level of efficacy about 
one aspect of her or his life and at the same time have a low sense of efficacy about 
another.  Bandura (2006) stated that efficacy beliefs are not universal across all areas in 
an individual’s life.  Rather, efficacy beliefs are a “differentiated set of self-beliefs linked 
to distinct realms of functioning” (p. 307).  For students in the classroom, efficacy beliefs 
can differ across subjects, social capabilities, and organization.  Teachers can also differ 
in their efficacy beliefs across subjects, content knowledge, pedagogy, classroom 
management skills, collaborating with other teachers, leadership interactions and 
capabilities (Bandura, 1986). 
A Review of the Literature 
Teacher Efficacy 
 The history of teacher efficacy as an influential educational construct appeared 
over 30 years ago from a study completed by the RAND Corporation (1977) and has 
continued to be examined ever since.  The RAND Corporation is a nonprofit research 
organization that conducts research in an effort to improve policy and decision-making in 
both the private and public sector.  The authors of this particular RAND study 
investigated reading programs in the Los Angeles area through use of a questionnaire that 
included questions about how teachers felt about their ability to reach all students.  
Teacher efficacy was initially defined as the belief a teacher has in her or his ability to 
 
	  	  	  	  	  	  	  	  	  	  
13	  
teach and reach even the most challenging students (Berman & McLaughlin, 1977). The 
questions distinguished between environmental factors overpowering the teacher’s ability 
to reach all learners or the teacher having confidence that he or she could move past these 
factors to reach any student and help her or him be successful.  The study indicated 
significant results when comparing teacher beliefs with student achievement in the area 
of reading.  Teachers’ scores that were higher on the teacher efficacy items correlated 
with higher student achievement. 
The first theoretical framing of teacher efficacy originated from the RAND study 
using social learning theory (Rotter, 1966) and centered on locus of control.  Bandura’s 
self-efficacy theory was not a part of this initial framing.  Teacher efficacy was defined as 
the degree to which teachers believed that they had control within themselves and with 
the environment to teaching students successfully. Two items on the RAND 
questionnaire that was administered in the study measured teacher efficacy.  The first 
RAND item investigated the extent to which teachers believed they had control in 
influencing students compared to factors in the external environment.  This construct was 
later labeled General Teacher Efficacy (GTE).  The second item on the RAND 
questionnaire assessed belief in the ability to reach any student and was deemed Personal 
Teacher Efficacy (PTE).  The combined mean of the two scores on these items indicated 
Teacher Efficacy.  High teacher efficacy meant a teacher had a strong belief in her or his 
ability to control student success and motivation both from an internal and external 
perspective (Berman & McLaughlin, 1977).  
The second theoretical underpinning of teacher efficacy arose from Bandura’s 
(1977) work and was distinguished as a type of self-efficacy.  Cognitive processes were 
emphasized in relation to how well teachers believed they contributed to student 
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achievement in the classroom.  Bandura distinguished efficacy from outcome expectancy.  
Outcome expectancy is the basis for Rotter’s (1966) locus of control theory.  Outcome 
expectancy refers to the result a person predicts will happen from a certain action.  
Efficacy is the internal cognitive-inspired belief about whether or not individuals believe 
they can perform the actions necessary for the expected result (Bandura, 1977, 1997). 
 Research on teacher efficacy has continued since the initial RAND study in an 
attempt to better refine the definition of teacher efficacy and also to investigate the 
sources.  Concerns existed about the reliability of the two-item RAND scale.  
Inconsistencies in definitions and terms of teacher efficacy further resulted in mixed 
interpretations of the construct.  Instrument design in subsequent years utilized either 
Rotter’s theoretical underpinnings or Bandura’s, but not both. 
 Gibson and Dembo (1984) developed a 30-item instrument and used Bandura’s 
social cognitive theory to further expand the understanding of the two RAND items.  
Both the RAND and Gibson and Dembo instruments found the two constructs of teacher 
efficacy, GTE and PTE, to be independent.  Problems did arise with the Gibson and 
Dembo scale with statistical analysis.  The scale was found to be less reliable than 
authors hoped when examined across various studies.   
 Bandura (unpublished and undated) also developed his own teacher-efficacy scale 
as a means to resolve the inconsistencies found with other measurement tools.  Bandura 
indicated that one element not taken into account by the other instruments was that a 
teacher’s sense of efficacy does not necessarily remain constant across different tasks 
they are asked to implement, and can also change across subject areas.  His instrument 
was an attempt to provide a more multi-faceted picture of the level of teachers’ efficacy.  
Little research has been conducted using Bandura’s scale (Hoy 1998, 2000).  However, 
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Bandura re-emphasized the importance of context and task specificity in regard to teacher 
efficacy.  Many large studies continued to use the more global version of assessing 
teacher efficacy rather than one that centered on the context or task specifics of teaching.  
Many authors have found that higher teacher efficacy is strongly correlated with positive 
achievement and motivation (Brown & Lent, 2006; Pajares & Urdan, 2006; Wheatley, 
2002). 
  Tschannen-Moran et al. (1998) completed a study to develop a more cohesive 
model of teacher efficacy.  The authors provided a comprehensive history of teacher 
efficacy since its inception, describing both the origins of the definition and refinement 
endeavors carried out by authors (e.g. Gibson and Dembo, 1984).  The construct was 
again aligned with two theories:  Bandura’s (1986) social cognitive theory and Rotter’s 
(1966) locus of control theory.  The researchers’ purpose was to investigate the 
conceptual supports and previous teacher efficacy instruments to improve measurement 
and definition.  The findings demonstrated that teacher efficacy is a very powerful 
construct that is context specific.   
 An integrated model of teacher efficacy was proposed (Tschannen et al., 1998) 
that combined aspects of both Bandura’s and Rotter’s viewpoints with a stronger 
emphasis on Bandura’s efficacy. The model incorporated the four sources of mastery 
experiences, vicarious experiences, social persuasions, and physiological and emotional 
states.  Context is emphasized with teacher efficacy.  When making an efficacy 
judgment, both context and contemplation of the teaching task is required.  Teacher 
efficacy is viewed as cyclical in nature.  Sources of efficacy information are utilized and 
are cognitively processed.  This involves taking into account both the teaching task and 
an assessment of personal teaching competence that then leads to perceived teacher 
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efficacy.  What transpires in the classroom is the consequence of the perceived teacher 
efficacy and results with respect to some level of performance.  The performance adds 
new information to one or more of the four sources, which will be processed and help 
shape future efficacy beliefs (Tschannen-Moran et al., 1998).  
 As with many educational constructs, teacher efficacy continues to evolve.  
Although much has been learned, the construct is still not fully understood.  Many of the 
stances on teacher efficacy derive from a social cognitive perspective. Viewing teacher 
efficacy only from this perspective may limit what is studied and learned.  Recent shifts 
in theoretical perspectives to a sociocultural platform may shed new light on the impact 
of teacher efficacy and school reform.  The purpose is not to replace what is already 
learned from a social cognitive perspective but to rather complement and broaden the 
construct from a sociocultural perspective (Tschannen-Moran et al., 1998). 
 Takahashi (2011) utilized a “communities of practice” lens to inquire as to how 
teachers might co-construct understandings of their efficacy beliefs through shared 
practices and discourse.  His case study of four teachers used semi-structured interviews 
held with the researcher.  He argued that the meaning making in which they engaged 
within their communities of practice shaped their teachers’ efficacy beliefs.  He stipulated 
that the difference between a cognitive and sociocultural perspective is in the way context 
is conceptualized.  He asserted using Bandura’s lens, that the cognitive process is the 
central mechanism for beliefs. The environment is seen as separate and outside an 
individual and therefore does not consider meaning that is co-constructed among 
members of a group in their shared practice.  Although Bandura (1986) does emphasize 
the cognitive role in the shaping of efficacy beliefs, it is only one part of the triadic 
reciprocal causation of behavior, which includes behavioral, cognitive, and other personal 
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factors, and the environment.  The environment and behavior of individuals integrate bi-
directionally according to Bandura (1997). Thus, Taskahashi did not interpret social 
cognitive theory in the same way as Bandura.   
 Sociocultural theorists maintain that the environment is a complex part of identity 
and understanding.  The environment is comprised by individuals.  Taskahashi’s (2011) 
findings suggested that examining efficacy beliefs from an alternative frame of reference 
provided evidence that teachers made meaning in their communities of practice in a 
sociocultural context.  The participants in the study made connections through their 
community of practice between what it meant to be an effective teacher and this 
interaction supported strong efficacy beliefs.  More research needs to be done in this area 
in order to gain a better understanding of these findings.  Exploring teacher efficacy from 
a sociocultural perspective utilizing a communities of practice lens has not been 
investigated to the extent it needs to be (Takahashi, 2011; Tschannen-Moran et al., 1998). 
Collective Teacher Efficacy 
 Collective teacher efficacy emerged from the research on teacher efficacy 
(Goddard et al., 2000) and also from Bandura’s (1986, 1997) social cognitive theory.  
Although most of the time teachers work individually, they are still a part of the larger 
group of the school organization.  The communal beliefs of teachers influence the school 
culture.  Collective teacher efficacy is therefore the shared beliefs of the group to perform 
and carry out the tasks necessary to promote student learning and achievement.  An 
understanding of collective teacher efficacy could explain the differences in schools in 
relation to variations in student achievement (Goddard et al., 2000).  Bandura (1997) 
contended that collective teacher efficacy is an important school asset that once attained, 
can flourish.   
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An example of collaboration with collective teacher efficacy is a study by Lee et 
al. (2011) that analyzed the impact of a professional learning community as an avenue of 
facilitating trust and building collective efficacy specific to teacher commitment to 
students.  Professional learning communities have been strongly encouraged in recent 
years as a way of improving teacher quality.  A professional learning community aspires 
to develop shared values, a focus on student learning, improving and maintaining 
collaboration, and providing a stage for reflective conversation.  Although the study was 
situated in Hong Kong, many of the challenges described also occur in the United States.  
Lee et al. (2011) stated that reform efforts are often provided in isolation with no plans 
for continued support.  Inconsistencies also exist with the various visions and planning 
within schools.  Administrators may have different ideas than their teachers about what 
should transpire.  The authors focused on the connection between professional learning 
communities and collective teacher efficacy because little research exists analyzing the 
two constructs.  They found that the professional learning community supported 
collective efficacy and trust in colleagues which affected commitment to students.  Here 
is another example of the relationship between teacher efficacy, albeit of a collective 
nature in this instance, and educational reform and student achievement. 
 Several factors impact teacher efficacy.  From a strictly theoretical perspective, 
teacher efficacy is a specific type of self-efficacy (Bandura, 1997).  Therefore, the 
sources of self-efficacy as outlined under social cognitive theory (Bandura, 1997) can 
influence the development and maintenance of teacher efficacy.  Mastery experiences, 
vicarious experiences, social persuasions, and physiological and emotional states within 
the educational setting would all influence the level of teacher efficacy of individual 
teachers.  From a sociocultural perspective, the level of collaboration (community of 
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practice) apparent within the school arena has also been shown to enhance or inhibit the 
level of teacher efficacy (Printy, 2008; Takahashi, 2011; Vygotsky, 1934).  
 Teacher efficacy has been linked to student achievement, collegiality and 
collaboration, motivation, improved teacher education, and promoting educational reform 
(Ashton & Web, 1986; Goddard et al., 2000; Puchner & Taylor, 2006; Ross, 1998; 
Tschannen-Moran et al., 1998).  Many of these studies provided specifics on the contexts 
within which higher teacher efficacy developed.  A large preponderance of teacher 
efficacy research has centered on pre-service teachers.  The focus of teacher efficacy 
research on pre-service teachers stemmed from the fact that Bandura (1997) stipulated 
that once efficacy beliefs are established, they are very resistant to change.  Because pre-
service teachers are in the midst of learning what it takes to be a teacher and experiencing 
the challenges and opportunities involved in instructing in a classroom, it makes sense to 
look at teachers at the beginning stages where their efficacy beliefs will most likely be 
shaped.  However, researchers have also studied the impacts of a variety of variables on 
teacher efficacy for teachers established in their careers, although this body of knowledge 
is much smaller than the pre-service teacher research.  The literature on variables from 
educational settings that influence teacher efficacy will be discussed in the following 
categories:  content knowledge, pedagogy, contextual factors, professional learning and 
collaboration, leadership, and epistemological beliefs. 
Content Knowledge, Pedagogical, and Contextual Factors Influencing Teacher 
Efficacy 
 Teachers instructing in subject areas for which they have strong content and 
pedagogical knowledge are more likely to have a higher sense of teacher efficacy than 
those that are lacking in the aforementioned areas (Woolfolk Hoy & Davis, 2006).   
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Teacher efficacy can mediate the relationship between content knowledge and action.  
For example, Chacon (2005) concluded that English teachers having a high sense of 
efficacy for the subject of English were more likely to attempt more challenging tasks 
with students, use more group work, and pursue further learning of their content area.  
Teachers who feel their content knowledge is lacking or weak tend to avoid teaching 
those topics for fear that students will inquire about aspects of the subject and they will 
not be able to answer.  Ross et al. (1999) conducted a study examining the relationship 
between teacher efficacy and out-of-field course responsibilities for secondary teachers.  
They found that teachers had a higher sense of efficacy with the subjects they were 
interested in and the subject that was their field.  Ross et al. (1999) found that when 
teachers taught outside their field of expertise, it could have negative effects on teacher 
efficacy that in turn, could negatively impact student achievement.  
 In addition to content knowledge and pedagogy, contextual aspects of the 
classroom can also affect the development of efficacy beliefs.  Efficacy beliefs about 
classroom management skills can influence the type of instructional decisions made for 
the classroom.  For example, Mulholland and Wallace (2001) found that beginning 
teachers with weak efficacy beliefs in classroom management opted for more direct 
instruction-type pedagogy rather than releasing some control to students through the use 
of hands-on or group activities.   
 Another contextual factor that can influence teacher efficacy is the setting and 
area where one teaches.  Knoblauch and Woolfolk Hoy (2006) investigated changes in 
efficacy beliefs after student teaching and focused on how the student teacher’s sense of 
efficacy varied in relation to where they were placed, whether it was in a rural, suburban, 
or urban setting.  They expected to find that students placed in urban settings would 
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report a lower sense of efficacy due to the added challenges present when teaching in an 
urban school.  Instead, the results indicated that student teachers in all three settings 
showed significant increases in their sense of efficacy following student teaching.  One 
possible explanation for this finding relates to Bandura’s (1997) assertion that 
challenging and successful experiences can heighten a sense of efficacy.  The increased 
efficacy could precipitate a stronger repertoire of mastery experiences versus achieving 
success from easier tasks. 
The Influence of Professional Development and Collaboration on Teacher Efficacy 
 Puchner and Taylor (2006) described how the use of lesson study increased not 
only collegiality and collaboration, but also levels of teacher efficacy for elementary 
school teachers that participated in their study.  Lesson study is an activity wherein 
teachers collaborate and observe each other teaching lessons that were developed 
together.  Lesson study aided the participants in developing more reform-oriented 
methods of instruction.  As the four elementary school teachers went through the process 
of completing a lesson study, they found that the hard work and time they put in to 
analyzing and fine-tuning the lesson they were using resulted in higher achievement and 
learning for their students than they thought possible.  Although a great deal of work 
went into the lesson, they all agreed that it was worth the effort and would do a lesson 
study again.  Bandura (1997) stated that individuals who are highly efficacious would 
have the drive to put forth higher effort, especially when it results in strong success.  
These teachers had experiences that increased their teacher efficacy through building 
reform-oriented practices in their teaching. 
Another example of how the context of collaboration was used as a means of 
increasing or influencing teacher efficacy is a study by Bruce and Ross (2008) who 
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examined the use of peer coaching.  The authors developed and tested a model with the 
purpose to elicit teacher change through the mediating factor of teacher efficacy.  The 
model stipulated that after a teacher first becomes dissatisfied about a current aspect of 
his/her teaching practice, they recognize a need to change and as long as supports are in 
place to aid in that change, the motivation to make changes will occur.  Starting from a 
point of discontent is a more unique view of approaching teacher efficacy and change 
from most of the research available.  Wheatley (2002) stipulated a similar sentiment 
when he claimed that doubts about teacher efficacy could possibly have important 
advantages for perpetuating teacher learning and reform.  He further explained that 
experiencing moments of doubt may prove to enhance teacher efficacy by providing 
opportunities to participate in reflective thought, motivation to learn, and productive 
collaboration all of which can propel not only reform efforts, but the level of teacher 
efficacy as well.  Tschannen-Moran et al. (1998) respectfully disagreed with Wheatley’s 
statement claiming that doubts require a sense of efficacy to be present from the 
beginning.  Bruce and Ross (2008) found that the combination of math pedagogical 
training along with peer coaching positively impacted the teachers’ success in 
implementing reform-oriented strategies.  The peer-coaching model provided instances 
for strengthening different source areas of teacher efficacy.  Teachers experienced 
positive mastery experiences, received dialogue about their successes, and through 
observations of others, had positive vicarious experiences about the teaching strategies 
they implemented 
Leadership Influences on Teacher Efficacy 
Several studies point to the impact the principal or those in formal leadership 
roles have on teacher efficacy.  For example, Thoonen et al. (2011) initiated a study to 
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assess the effect of teacher motivation factors (including self-efficacy) on teaching 
practices.  Their findings showed that high levels of teacher efficacy mediated the 
internalization of school goals into personal goals by teachers.  They also concluded that 
transformational leadership styles wherein the principal mentored, coached, delegated 
challenging tasks, and allowed for shared decision making by teachers influenced 
teachers’ sense of efficacy.  Namely, the more of these leadership components were in 
place in the environment, the higher the perceived efficacy.  The culture of collaboration 
and professional learning achieved through directives by the principal also influenced and 
increased teacher efficacy.   
Walker and Slear (2011) also concluded that certain principal behaviors enhanced 
teacher efficacy.  They also focused on the how principal behaviors impacted teacher 
efficacy for middle school teachers with varying levels of experience.  They found that as 
teachers gained more experience, they were more inclined to engage in their principal’s 
larger efforts that would impact the school and surrounding.  These experiences enhanced 
teacher efficacy levels.  The findings indicated that the strongest factor that influenced 
teacher efficacy was the principal modeling instructional expectations to teachers.  
Influence of Epistemological Beliefs on Teacher Efficacy 
A small body of research reports the influence of epistemological beliefs on 
teacher efficacy (Chrysostomou & Phillippou, 2010; Esterly, 2003; Muis, 2004).  This 
body of research falls under a larger umbrella of research concerning epistemological 
beliefs and mathematics.  Epistemological beliefs concern the origins or nature of 
knowledge and learning.  Perspectives on knowing have influenced mathematics 
educational research over the course of the past 20 years (Muis, 2004).  Only a few 
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studies have been conducted that investigated mathematics epistemological beliefs and 
teacher efficacy.   
Chrysostomou and Philippou (2010) investigated the relationship between the 
structure and level of pre-service teachers’ mathematical epistemological beliefs and their 
teacher efficacy beliefs.  In addition, they also sought to discover the nature of the 
relationship.  The theoretical framing of the study stemmed from the work by Perry 
(1960). They found the two constructs are predictors of one another.  Teachers with 
strongly supported epistemological beliefs also had higher efficacy beliefs and vice versa.  
Esterly (2003) found that mathematical epistemological beliefs influenced teacher 
efficacy beliefs through choices of classroom tasks and approaches to teaching.  In her 
synthesis of personal epistemological beliefs and mathematics, Muis (2004) suggested 
that the relationship between student beliefs and the environment and how beliefs impact 
learning are areas in which more research is needed.  She suggested that future research 
explore the influence of teacher epistemological beliefs on students’ beliefs and what, if 
any, impact that would have on student learning.  More research still needs to be 
completed regarding the association between teacher efficacy and teacher 
epistemological beliefs in order to gain a deeper understanding of the relationship 
(Chrysostomou & Philippou, 2010). 
Teacher Efficacy Impacts on Student Learning 
Many factors influence the level of efficacy for teachers including contextual, 
leadership, professional learning and collaboration, and epistemological factors (Ashton 
& Webb, 1986; Berman & McLaughlin, 1977; Tschannen-Moran et al., 1998).  When 
these factors increase the sense of efficacy a teacher has, the likelihood that student 
achievement gains will occur increases (Tschannen-Moran et al., 1998).  A high sense of 
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teacher efficacy is linked to stronger motivation and perseverance in the face of obstacles, 
the ability to take risks on trying new innovations and reform measures, the types of 
lessons and constructs of learning that occur in the classroom, the ability to effectively 
manage the classroom, and the potential for increased leadership and decision-making 
power (Bruce & Ross, 2008; Knoblauch & Woolfolk Hoy, 2008; Lee, Zhange, & Yin, 
2011).  Early research on teacher efficacy has continuously supported the notion that 
teachers with high efficacy are linked to students with high achievement (e.g. Ashton & 
Webb, 1986; Berman & McLaughlin, 1977; Tschannen-Moran et al., 1998). When 
factors that enhance teacher efficacy are in place, the cyclical nature of teacher efficacy 
(Tschannen-Moran et al., 1998) will continue to enhance and strengthen the sense of 
efficacy of teachers. This will lead to higher collective teacher efficacy, which can again 
lead to increased student achievement.   
Teacher Efficacy in the Mathematics Classroom 
 
 The small body of literature examining aspects of teacher efficacy and the 
mathematics classroom move in one of two different directions.  Philippou and Christou 
(2002) stated that there is very little known about mathematics teaching efficacy.  A large 
preponderance of the literature to date investigates levels of teacher efficacy in the realm 
of mathematics for pre-service teachers.  The second line of inquiry covers investigations 
into the effects of mathematical reform on teacher efficacy that specifically targets 
mathematics classrooms.  Little research has been conducted specifically examining 
mathematics teacher efficacy and its influence or relationship to the classroom and 
student achievement, especially when compared with the large body of research on 
teacher efficacy in general (Phillipou & Christou, 2002).  Many of the past studies 
focused on conceptualizing teacher efficacy and developing and validating instruments to 
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assess levels of teacher efficacy (Gibson & Dembo, 1984; Tschannen-Moran et al., 
1998).  Even though mathematics teachers were used in several of the studies, other 
subject area teachers took part as well (e.g. Gibson & Dembo, 1984; Takahashi, 2011; 
Tschannen-Moran & Woolfolk Hoy, 2001).  There has been a growing interest in 
mathematics teacher beliefs, especially since the publication of the National Council for 
Teachers of Mathematics Standards (1989).  Belief is used in this literature as a general 
term and envelope a myriad of concepts such as pedagogical beliefs and the nature of 
mathematics.  Studies stemming from these general perspectives have rarely on the 
specificity of mathematics teacher efficacy.  Several studies have been conducted 
examining student mathematics efficacy. The literature on this topic has exploded in 
recent years, due in part to the passing of The No Child Left Behind Act of 2001 and the 
critical role mathematics presently has in the standardized testing arena (e.g. Pajares & 
Usher, 2008).  Puchner and Taylor’s (2006) qualitative study on four elementary teachers 
reported how the combination of a lesson study framework and collaboration improved 
the teacher’s sense of teacher efficacy to reach their students in their mathematics 
classrooms.  Following are other examples of the research on mathematics teacher 
efficacy completed over the past 20 years. 
 One of the earliest studies conducted on mathematics teachers’ efficacy was by 
Midgley, Feldlaufer, and Eccles (1989).  They examined the relationship between student 
beliefs in mathematics and teacher efficacy beliefs before and after the transition to junior 
high school.  The results showed that students who had more efficacious teachers also 
had higher expectations of themselves with respect to achievement.  The findings also 
indicated that teachers’ sense of efficacy beliefs were significantly correlated to low-
achieving students than high achieving students.  Low-achieving students had teachers 
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with lower efficacy.  Changes in student beliefs during the transition related to their 
teacher’s sense of efficacy.  The study also showed that students who were in classrooms 
with teachers who report a lower sense of efficacy declined in their achievement and 
expectations for themselves. 
 Phillipou and Christou (2002) examined primary school teachers’ efficacy beliefs 
on the island of Cyprus using a survey and follow-up interviews for selected participants.  
The findings indicated that, overall, the teachers felt quite efficacious in their ability to 
teach mathematics.  They also found that levels of efficacy improved over years of 
experience except for during the initial stages of their careers when the efficacy levels 
diminished temporarily. 
 Charalambous and Philippou (2010) investigated the relationship between teacher 
concerns and efficacy beliefs about implementing a mathematics curriculum reform.  The 
study involved 151 teachers from 27 elementary schools in Cyprus.  The findings 
indicated that teacher efficacy beliefs influenced both task and impact concerns. Higher 
teacher efficacy correlated with willingness to attempt tasks and reform measures.  The 
reverse also occurred wherein task and impact concerns influenced teacher efficacy 
beliefs.  This suggested that reform efforts are at risk of failure when teacher efficacy 
beliefs are ignored with respect to how efficacious teachers feel in their ability to 
implement the reform approaches.  It seems that teachers need support if they are to 
overcome their concerns about reform initiatives, and reform efforts will be successful 
only when supports are in place for teachers before and during the reform process.   
 
Distributed Leadership and Teacher Efficacy 
 Distributed leadership is defined as a practice spread across both leaders and the 
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groups that they lead that involve both the situation at hand and the tools used (Spillane, 
2006). Research on the relationship of teacher efficacy with distributed leadership is 
lacking.  Klassen, Tze, Betts, and Gordon (2011) completed a meta-analysis of teacher 
efficacy research from the years 1998-2009.  Of the 218 studies on teacher efficacy they 
found, none of them considered teacher leadership or distributed leadership.  Thus, this is 
an area that has not been addressed in the literature as of yet.  
 There is enough information substantiated in the literature on general teaching 
efficacy to infer that characteristics related to high teacher efficacy could inform the 
capacity for teacher or distributed leadership.  A reciprocal relationship may exist 
between teacher efficacy and teacher leadership.  Higher levels of teacher efficacy can 
impact the capability of leadership, and opportunities for leadership enhance levels of 
teacher efficacy.  The aforementioned characteristics of increased motivation, willingness 
to take risks, openness to new ideas (including reform efforts), and strong content and 
pedagogical knowledge all contribute to high teacher efficacy and therefore offer 
opportunities for leadership.  The literature on teacher, transformational, and distributed 
leadership all mention that teachers who are strong in their confidence level are more 
likely and capable to take on more leadership responsibilities, participate in collaboration 
with other teachers and professional learning opportunities through a community of 







	  	  	  	  	  	  	  	  	  	  
29	  
Teacher Efficacy Measurement 
Measurement 
 What does it mean to measure something and how does one go about completing 
this process?  The topic of definition was vigorously debated in the 1930s by various 
groups and refinement of the definition of measurement continues today (Kane, 1982, 
Stevens, 1946; Wilson, 2010).  Stevens (1946) defined measurement as the “assignment 
of numbers to objects or events according to rules” (p. 2).  In the physical realm, 
measurement by this definition is easy to observe when placing a meter stick against the 
leg of a table and comparing the numbers on the stick to the height of the table.  The 
“rule” by which the table is measured is the meter stick and that “rule” does not change 
when moving on to other tables to measure.   
 In behavioral sciences such as education and psychology in which aspects of the 
human condition are examined, characteristics studied are often not physically observable 
as in the table height example.  Psychological attributes such as anxiety, self esteem or 
teacher efficacy cannot be directly measured and are self-reported.  These attributes, also 
known as constructs, are hypothetical.  Crocker and Algina (2008) define a construct as 
“products of the informed scientific imagination of social scientists who attempt to 
develop theories for explaining human behavior” (p. 4).  When measuring constructs, 
defining the rules about how it will be measured is very important (Bond & Fox, 2007; 
Kane, 1982; Wright & Masters, 1977).  Stevens’ definition of measurement does not have 
enough precision when used in the social sciences.  Lord and Novick (1968) add to 
Steven’s definition by stating that measurement is “a procedure for the assignment of 
numbers…to specified properties of experimental units in such a way as to characterize 
and preserve specified relations in the behavioral domain” (p. 17).  The difference is that 
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Lord and Novick note that measurement is applied to attributes of objects or persons, and 
not the objects or persons themselves (Crocker & Algina, 2008).   
 When developing a tool to measure a construct, how well it measures the stated 
construct is important.  The scale or assessment should have a strong theoretical 
background.  Kane (1982) stated that measurement, regardless of origin, always involves 
a “functional relationship” (p. 127) between numbers and a category of objects and that 
the process of measurement always involves the mapping of an object to a real number 
whose value represents the amount of the construct in question.  The number given for 
the value of a construct “involves a fundamental theoretical commitment.... and implies 
that the attribute depends only on the object of measurement and does not depend on any 
other conditions that may prevail when the observations are made” (p. 127).  Good 
measurement is achieved when the test or scale measures what it intends to measure as 
accurately as possible and is based a sound theoretical argument.  In the words of 
Karmiloff-Smith and Inhelder (1975)  “if you want to get ahead, get a theory” (p.132). 
Reliability and Validity of Measurements. 
 Measurements are only as good as the instruments and procedures used to 
calculate those values.  The reliability and validity of an instrument establishes the 
credibility of that instrument.  An instrument or scale is reliable if it obtains consistency 
in scores across multiple implementations with the same respondents.  In other words, the 
scores obtained from a person taking the same assessment a repeated number of times 
results in the same score (Crocker & Algina, 2008; Traub, 1991).  Validity of an 
instrument is defined as how well the instrument assesses the construct in question and 
not another construct (Crocker & Algina, 2008). 
 Reliability and validity go hand in hand when determining whether or not an 
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instrument produces solid measures of a construct (Wilson, 2010).  Crocker and Algina 
(2008) state that one can obtain consistency in participant scores but that does not ensure 
that the inferences taken from the scores are creditable enough to justify the inference.  A 
test can obtain a precise score but at the same time, measure a different construct than the 
one intended.  Kane (1982) defines validity as “the interpretation of the observed scores 
as representative of some external property” (p. 125).  Validity is the degree to which a 
test measures the construct it intends to measure.  
 Two of the theories of measurement found in studies of psychological constructs 
are Classical Test Theory and Item Response Theory.  Hamleton and Jones (1993) 
explained that test theories provide the framework from which observable variables can 
be linked to unobservable ones. Classical Test Theory continues to be the dominant 
guiding theory in psychological and educational research (Bond & Fox, 2008; Crocker & 
Algina, 2008; Embretson, 1996; Hambleton & Jones, 1993; Wilson, 2010).  Use of 
Classical Test Theory has been the dominant method of analysis with teacher efficacy 
studies (Klaussen et al., 2011).  In the following paragraphs, descriptions of both theories 
are presented with a particular emphasis given on the differences between the two 
theories and ensuing approaches to data analysis. 
Classical Test Theory 
 The premise of Classical Test Theory (CTT) is based upon the raw scores (sum of 
items correct) obtained from the implementation of a test. An observed score is equal to 
an unobservable “true” score plus error and is expressed as the linear model: 
 X = T + E 
where X is the observed score, T is the person’s true score and E represents a random 
error component.  Classical Test Theory is the simplest linear model.  The theory is also 
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based on three assumptions because of the two unknown values defined in the model, the 
true score and error score, which makes the model itself unsolvable without developing 
some assumptions (Crocker & Algina, 2008; Hambleton & Jones, 1993).  For CTT, the 
assumptions are: 
1. True scores and error scores are uncorrelated. 
2. The average error score in a population equals zero. 
3. Error scores on parallel tests are uncorrelated (Hambleton & Jones, 1993 p. 
255). 
A true score is defined as the mean of observed scores over many repeated testings 
(Crocker & Algina, 2008) and each participant has one true score.  Parallel tests are tests 
that measure the same content and participants ideally achieve the same score.  CTT links 
raw scores to true scores rather than linking individual item scores to true scores.   
 A significant disadvantage of Classical Test Theory is that it assumes all 
measurement items to be equivalent (Crocker & Algina, 2008).  In addition, scores 
utilized through a CTT lens are both test and sample dependent.  Scores are only useful 
when the sample population can generalize to a larger population that has the same 
characteristics.  For example, does a sample of second graders on a reading test represent 
the entire population of second graders on a reading test?  Scores that are both sample 
and test dependent are limited in their utility to generalize to an entire population.  Also, 
the assumption that the correlation between true scores and error scores is zero means 
that there exists no relationship between a participant’s ability and errors that affected the 
participant’s scores on a test (Crocker & Algina, 2008).  Analysis under CTT does not 
provide information on how individuals of differing abilities perform on each item on the 
test.  
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Item Response Theory 
 Rasch measurement.  Statistical measures have been the dominant method of 
analyzing data and explaining relationships among variables in the social sciences (Bond 
& Fox, 2007). As seen with the concept of teacher efficacy, issues of validity and 
reliability have weakened the results found from many different studies investigating the 
construct.  The Rasch model (one of many item response modeling techniques) provides 
a measurement tool that has the potential to reveal new information about teacher 
efficacy that traditional statistical measures failed to uncover.   
 The basic premise of the Rasch model is that it measures one and only one 
construct at a time.  The constructs can include test performance or measurements of 
latent traits.  A latent trait is an underlying construct that is not readily visible such as 
efficacy or mathematical understanding (Bond & Fox, 2007).  In other words, the 
construct being measured has unidimensionality.  The construct is investigated by 
examining the relationship between two aspects:  item difficulty and person ability.  Bond 
and Fox (2007) observe:  
 The model is based on the idea that useful measurement involves  
 examination of only one human attribute at a time (unidimensionality) 
 on a hierarchical ‘more than/less than’ line of inquiry.  This line of 
 inquiry is the theoretical idealization against which we can compare 
 patterns of responses that do not coincide with this ideal (p. 41). 
 When developing a measurement tool with the intent to measure a single 
underlying construct, Wilson (2010) proposes a four-step approach for the development 
of the instrument.  Once a specific construct has been decided upon to measure, the first 
step is to develop a construct map.  The concept map provides a thorough definition of 
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the construct and illustrates how the construct is manifested along a continuum from low 
to high.  For example, if efficacy is the construct, then a definition is given and a 
continuum is provided showing what constitutes low to high efficacy.  The construct map 
provides guide points of where respondents could be located along the developed 
continuum (Bond & Fox, 2007; Wilson, 2010). 
 The construct map is then used as a guide for the development of items to be 
included on the measurement instrument.  The item design consists of two components.  
The first is the construct component.  The items developed and chosen should provide 
interpretational levels within the construct.  If items are properly developed with the 
construct map as a guiding force, this will have occurred.  The second relates to the 
descriptive components, such as deciding whether the format will be self-report or 
another format.  The degree of pre-specification involved in answering the items also 
needs to be considered.  Likert scales have varying degrees of pre-specification and are 
often used in efficacy measurement instruments (Bond & Fox, 2007; Wilson, 2010; 
Woodcock, 1999; Wright, 1977).  Likert scales are self report scales that contain a range 
of responses to an item.  They normally range from 3 to 9 choices (such as Agree, 
Uncertain, Disagree) and often contain a neutral choice.  Other scale developers choose 
not to offer the neutral and keep the categories in a forced-choice format.  Wilson (2010) 
stipulated that:  
The central idea in using the construct mapping concept at the initial stage of 
instrument development is for the measurer to focus on the essential feature of 
what is to be measured - in what way does an individual show more of it and less 
of it (p. 39). 
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 The next step develops the outcome space for the construct.  An outcome space 
involves deciding on what aspects of the response to an item will be used and how those 
aspects will be categorized and scored.  When using Likert scales, this step has already 
been accomplished in the items design phase because the respondents have already 
categorized their responses when they answered the various questions.  Different 
responses are then identified with numbers (chronologically) in order to obtain scores of 
the respondents (Wilson, 2010). 
 The final step is the development of the measurement model of the construct.  The 
scored outcomes from the item design and outcome space are related back to the 
construct map.  Here, analysis leads to the development of probabilities of items to 
respondents.  Respondents and items have locations on the construct map and one can 
compare where an individual is in relation not only to others, but the items as well. 
(Wilson, 2010; Wright, 1977).  
 Wright (1977) explains how the Rasch model is used for latent trait analysis.  As 
shown above, the model is based on two parts: person ability and item difficulty.  Rasch 
(1960) explained that the model is a stochastic process.  It is a means of explaining events 
that cannot be predicted to occur at specific moments in time, rather, probabilities of the 
occurrence can be assigned.  The parameters represent the positions of the person and 
items on a continuum for the latent trait being measured.  The difference in the two parts 
is compared (person ability minus item difficulty) and this forms the base for developing 
probabilities used to predict how participants will score on different items.  The 
probability is evaluated using the difference and is applied as the exponent of the natural 
log function.  The ratio acquired is the probability measure.  When a person has more of a 
latent trait than an item requires, he/she will have a higher probability whereas if a person 
 
	  	  	  	  	  	  	  	  	  	  
36	  
has less of the trait than the item requires, he/she will have a lower probability of getting 
that item correct (Wright, 1977).    
 Mathematical analysis of the Rasch model has shown to be statistically strong 
(Bond & Fox, 2007; Wilson, 2010; Wright, 1977).   By using probabilities, items and 
respondents have the same distance in between on the construct map (Wilson, 2010).  
Standard errors of measurement in traditional statistical analyses apply to all the scores 
within a particular population.  In Rasch modeling, the standard error of measurement 
differs across the scores but generalizes across populations (Embretson, & Reise, 2000).  
Woodcock (1999) contended that there is more potential information that can be gained 
when using Rasch interpretation procedures including qualitative information, 
developmental levels, proficiency levels, and group standings.  Raw scores can be 
transformed into Rasch ability scores and many times are seen as age equivalency and 
grade equivalency scores.  Additionally Rasch scores do not alter the placing of 
individuals on the continuum by their raw scores. 
 Rasch modeling can also be applied to a polytotomous case.  The basic Rasch 
model is based on the premise that an item is either correct or incorrect.  The Partial 
Credit Model (Bond & Fox, 2007) is an extension of the Rasch model and can be used 
when item scores have more than two categories such as some Likert scales.  All of the 
teacher efficacy instruments to date have used a Likert-type format for responding to 
items.  The Partial Credit Model would be the logical choice when analyzing data.    
 The research on teacher efficacy indicates that there are different factors 
associated with teacher efficacy and one could wonder how to appropriately apply the 
Rasch model to a survey on teacher efficacy.  Wu and Adams (2007) provided an 
excellent rationale.  For example, classroom management and pedagogical knowledge are 
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considered distinct latent traits in most cases.  A teacher strong in classroom management 
skills will not necessarily be strong in pedagogical skills in the classroom.  Teacher 
efficacy, however, requires a certain amount of these traits in order to have a high or low 
sense of efficacy.  If items developed for an instrument require the same combination of 
classroom management and pedagogical knowledge, then the measurement instrument 
could still be considered unidimensional.   
 Many researchers have concluded that teacher efficacy is multidimensional.  This 
conclusion, unfortunately, is drawn amidst all the inconsistencies and problems that have 
plagued the teacher efficacy research arena.  Wheatley (2005) has even called for teacher 
efficacy to be re-conceptualized.  Rasch modeling is a next step to attempt to measure 
teacher efficacy to indicate whether it would fit the model.  Bond and Fox (2007) 
discussed multidimensional modeling under Rasch analysis.  The authors admitted that 
the idea of a multidimensional Rasch model seems to go against the basic measurement 
principle that Rasch and other item response theory measurements that “Measurement 
should proceed one variable at a time” (p. 258).  They offer the example of educational 
achievement.  Overall academic achievement involves proficiency in more than one 
subject such as math, reading, and science.  Many would say that math, reading, and 
science are separate dimensions.  Their counter argument is that:  
 …treating each achievement test as separate and unrelated (even at the level of 
 the individual respondent) discards a lot of potentially important information 
 about the ways in which, say, mathematics language, and science might be 
 related in the context of overall educational achievement for any child or sample 
 of children (Bond & Fox, 2007, p. 259). 
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 The use of item response theory or Rasch modeling offers the potential to address 
several of the issues that continue to plague teacher-efficacy research.  The analysis 
might discover discrepancies in different items on instruments and provide new 
information that could aid in the reconceptualization of teacher efficacy as a construct.  
Rasch analysis also has the potential to explain or inform why different items were 
problematic in earlier instruments, why certain items loaded on more than one factor, or 
had a weak representation for the factor.  Reliability and validity are central to Rasch 
modeling.  Construct validity under Rasch methods stipulate that all items within the 
instrument should meaningfully contribute to the trait under investigation.  Therefore, the 
results from the instrument should reflect the single underlying construct (Bond & Fox, 
2007; Wright, 1979). 
 In conclusion, item response theory holds promise for extending the knowledge 
base of teacher efficacy.  The model has the potential to provide detailed information not 
only about the construct itself, but also if existing instruments measure the construct of 
teacher efficacy.  Rasch analysis of teacher efficacy offers the opportunity to set a new 
course for teacher efficacy research by addressing inconsistencies and arguments related 
to the construct. 
History of Teacher Efficacy Measurement 
 Teacher efficacy has been found to be a powerful construct correlated with many 
positive outcomes such as increased student efficacy, motivation, leadership, and student 
achievement (e.g. Berman & McLaughlin, 1977; Puchner & Taylor, 2006; Ross, 1998).  
A large body of research developed over the past 30 years investigating aspects of teacher 
efficacy from both a general and context-specific standpoint.  Many instruments were 
developed with the intent to measure teacher efficacy.  Differences in theoretical framing 
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along with inconsistent measurement strategies performed in examinations have led to a 
state of confusion with respect to both the understanding of the concept of teacher 
efficacy and how it is measured (Henson et al., 2001; Tschannen-Moran & Woolfolk 
Hoy, 2001).  There are a variety of issues with existing teacher efficacy measures.  
Klaussen, Tze, Betts, and Gordon (2011) claimed that self-efficacy measurement, and 
specifically teacher efficacy measurement issues, resulted from a “lack of conceptual 
clarity” (p. 36).  Some of the predominantly used instruments such as Gibson and 
Dembo’s (1984) TES focus on beliefs about control of student outcomes, reflecting a 
locus of control standpoint rather than on teacher capabilities to effectively teach 
students.  Other instruments purposed to measure self efficacy were inconsistent with self 
efficacy characteristics.  For example, Klaussen et al. (2011) discussed a scale used to 
measure teacher efficacy for classroom management and instructional procedures.  The 
items used to capture these constructs did not fall within definitions of self efficacy and 
instead had items worded with a focus of perceptions of current ability based on past 
performances rather than wording items to reflect current perceptions of capability to 
carry out a particular course of action.     
 The different measures of teacher efficacy originated with the RAND study.  The 
results from this initial study were powerful but several scholars were concerned that 
there were only two items to explain teacher efficacy.  This spurred others to develop 
longer and more detailed instruments that could provide a more comprehensive view of 
teacher efficacy.  Guskey and Passaro (1994) called early measures “crude and 
simplistic” (p. 628).  Furthermore, many measures of teacher efficacy had only a two-
factor structure emerge after factor analysis was performed.   Ashton and Webb (1986) 
were the first to suggest a multidimensional model of teacher efficacy.  In relation to the 
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two items on the RAND study (1977), Ashton and Webb stipulated that the two questions 
related to two separate constructs as defined by Bandura’s social cognitive theory.  
Bandura (1986) stated that outcome expectancy and efficacy expectations affect behavior 
and that although they are interrelated, the two are conceptually distinct.  Outcome 
expectations are the judgments an individual makes about the consequences of specific 
behaviors in a particular context.  Efficacy expectations are an individual’s beliefs about 
his or her capabilities to be successful in a specific situation or context.  The first item in 
the RAND study, “When it comes right down to it, a teacher really can’t do much 
because most of a student’s motivation and performance depends on his or her home 
environment” (Berman & McLaughlin, 1977, p. 137) related to outcome expectations and 
was termed teacher efficacy.  The second question, “If I try really hard, I can get through 
to even the most difficult or unmotivated students” (Berman & McLaughlin, 1977, p. 
137) related to efficacy expectations and was termed personal teaching efficacy.   The 
meaning of the two factors has sparked continued argument among scholars (Tschannen-
Moran & Woolfolk Hoy, 2001).  
 Gibson and Dembo (1984) developed the Teacher Efficacy Scale.  They reasoned 
that previous attempts to develop useful measures had been generally unsuccessful.  Also, 
they contended that the relationship between teacher efficacy and classroom behavior 
should be explored.  Teacher effectiveness in the classroom might link for example, 
efficacy and student performance.  Through analysis of previous studies and teacher 
interviews during a pilot study, Gibson and Dembo developed a 30-item teacher efficacy 
scale utilizing a Likert format.  The investigation involved three phases:  factor analysis, 
multi-trait-multimethod analysis, and classroom observations.  During the first phase of 
analysis, the researchers discovered that only 16 of the items yielded acceptable 
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Cronbach alpha reliability coefficients so only those 16 items were used for the 
remainder of the study.  The 16 items also had significant load factors on one of the two 
constructs.  The authors concluded that teacher efficacy is a multi-dimensional construct 
consisting of at least two dimensions that correspond to Bandura’s model of self-efficacy.  
Suggestions for future research included further validation and refinement studies of the 
Teacher Efficacy Survey along with investigations that span different populations and 
contexts.   
 Guskey and Passaro (1994) contributed to the study of the teacher efficacy with 
their investigation that analyzed various items from different instruments including the 
two RAND items, items from the Gibson and Dembo (1984) instrument, and a two items 
from Woolfolk Hoy’s study in 1990.  They reworded a portion of the items. The rationale 
for the rewording of some of the items was that they reexamined the original wording.  
The original items that loaded on the personal efficacy factor all contained the word “I” 
and were positive.  The items that loaded on the general teaching efficacy were negative 
and implied an external locus.  They wondered if the difference in the factors could be 
explained by an internal versus external locus of control.  With the rewording, the results 
did match to an internal/external orientation rather that a personal/general dimension.  
This study added to the growing body of literature that provided results that questioned 
both the construct of teacher efficacy and how it is measured. 
 Gibson and Dembo’s (1984) instrument continues to be the predominant measure  
and it is through the use of this instrument that teacher efficacy has been linked to a 
variety of variables (Henson, 2001).  Although Gibson and Dembo used only the 16 items 
that had strong reliability in their initial investigation, a few researchers chose to use the 
full 30-item survey in their studies while others used the 16-item shortened version.  This 
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is when the first inconsistencies with the instrument were found.  Researchers using the 
full 30-item instrument found that items loaded on both factors.  Investigations that used 
the 16-item instrument found inconsistencies where a General Teacher Efficacy (GTE) 
item loaded on the Personal Teacher Efficacy factor and one other item did not have a 
strong enough loading to be included with either factor (Soodak & Podell, 1993).  
Tschannen-Moran and Woolfolk Hoy (2001) conclude that even though the Teacher 
Efficacy Scale has been one of the most popular instruments used in teacher efficacy 
research, conceptual issues with the constructs along with statistical problems with factor 
loading make the instrument problematic.  A better and clearer measure is in need of 
development. 
 Although not frequently used, Bandura (unpublished and undated) also developed 
a teacher efficacy instrument.  Reliability and validity information on this instrument has 
been unavailable (Tschannen-Moran & Woolfolk Hoy, 2001).  Bandura (1997) pointed 
out that teacher efficacy scales at that time pointed towards a general form rather than 
being structured to the different features of instructional functioning.  Self-efficacy is 
context specific and therefore a teacher’s efficacy will not necessarily be uniform across 
all aspects of the instructional setting.  Bandura (1997) suggested that teacher efficacy 
surveys be connected to the different subject areas as well as tuning in to the different 
types of tasks teachers have to perform within the educational environment.  The scale he 
developed incorporated seven subscales:  efficacy to influence decision making; efficacy 
to influence school resources; instructional efficacy; disciplinary efficacy; efficacy to 
enlist parental involvement; efficacy to enlist community involvement; and efficacy to 
create a positive school climate.  The items were measured on a 9-point scale 
(Tschannen-Moran & Woolfolk Hoy, 2001).  Bandura emphasized the importance of 
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content validity in the scale.  When developing efficacy measurement instruments, 
Bandura (2006) recommended that because efficacy is a perceived capability, items 
should be phrased with the words “can do” rather than “will do.” The difference is that 
“will” is a statement of intention whereas “can” is a judgment of capability.   
 Tschannen-Moran et al. (1998) published an important contribution to the body of 
literature by reexamining both the construct of teacher efficacy and its measurement.  
They proposed a new model of teacher efficacy in light of the confusion from past studies 
and integrated constructs from previous work but with an emphasis on Bandura’s sources 
of efficacy information and that teacher efficacy is context specific.  The model specifies 
that any measurement of teacher efficacy must examine both the personal competencies 
along with an analysis of the task within the context and resources available. 
 Tschannen-Moran and Woolfolk Hoy (2001) extended the work of the newly 
proposed teacher efficacy model (Tschannen-Moran et al., 1998) and developed an 
instrument to measure teacher efficacy.  The new instrument, the Ohio State Teacher 
Efficacy Scale (OSTES), was based on Bandura’s scale but included a broader list of 
teacher capabilities.  Testing the instrument involved piloting and reducing items based 
on factor analysis.  Three factors emerged during the second study involving 18 items.  
The three factors were:  efficacy for student engagement, efficacy for instructional 
strategies, and efficacy for classroom management.  Cronbach alpha reliabilities for the 
three factors ranged from .72 to .82.  Classroom management reliability was weaker than 
the other two factors.  Reliability for the entire instrument was .95.  Comparing this 
instrument with other existing measures of teacher efficacy assessed construct validity.  
Total scores on the OSTES were positively related to the other measures.  A third study 
was conducted to address the weak reliability of the classroom management factor and to 
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further refine the instrument.  The analysis involved a short and long form and items were 
reworked for the classroom management factor.  Reliability measures for the short form 
was .90 and the long form was .94.  Construct validity tests determined that both forms 
were positively related to the other instruments.  The lower correlations were found with 
general teacher efficacy.  The authors concluded that efficacy in general is hard to 
capture.  The benefit of this instrument is that it included more teaching tasks and 
therefore was more context specific than other previous measures.   
 In addition to reliability and validity issues with the various teacher efficacy 
instruments, another problem that plagues the field of teacher efficacy research is the 
statistical reporting in many studies.  Henson (2001) critiqued the statistical analysis of 
several studies.  She emphasized that reliability refers to the results and not to the 
instrument itself.  She further stipulated that “the incorrect but common phraseology 
concerning the ‘reliability of the test’ leads many to incorrectly assume that reliability 
infers to the tests rather than scores and results in researchers often failing to examine 
score reliability for their data” (p. 407).  Many researchers rely on past reliability 
estimates and fail to report or test the reliability of their results from their sample.   
 The state of teacher efficacy research over the past 20 years has moved down 
several different pathways that have instigated division rather than communion about 
both the concept of teacher efficacy and the best way to measure the construct.  Klassen 
et al. (2011) completed a meta-analysis of teacher efficacy research from 1998-2009.  
The starting point was determined to coincide with the release of Tschannen-Moran and 
Woolfolk Hoy’s (1998) comprehensive review of the state of teacher-efficacy research 
and build from that point.  There were no recent reviews about how the research 
community had responded to the critiques and suggestions offered by various authors 
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around that time period (Henson, 2001; Tschannen-Moran et al., 1998).  They identified 
several problem areas that still need attention for future research on teacher efficacy.  The 
problem areas they noted included both measurement and conceptual problems.  
Suggestions for more research include collective efficacy research, investigation into the 
sources of teacher efficacy, increased attention to domain specificity, and 
internationalization of teacher efficacy research.  In analyzing the types of research 
conducted over the course of the past 12 years, they found that the majority of the studies 
were quantitative in nature (76%) with very few mixed methods or qualitative studies.  In 
addition, the number of studies where teacher efficacy was investigated beyond a general 
point and incorporated more domain or subject-specific inquiries are low.  For example, 
over the range of 12 years, they found only nine studies that address teacher efficacy in 
the domain of mathematics. 
 The studies completed on teacher efficacy since its inception has used classical 
statistical techniques to assess and study the concept of teacher efficacy.  The 
multidimensional nature of teacher efficacy has taken researchers in different directions. 
This has created confusion related to the definition of the construct and lead to 
inconsistencies in findings and conclusions.  The majority of studies completed in the 
past 20 years were quantitative and many of had mixed results due to statistical analysis 
and measurement problems.  Therefore, a new way of measuring teacher efficacy might 
be in order.  Item response theory or Rasch modeling may provide new insights into both 
the measurement and conceptualization of teacher efficacy. 
 




CHAPTER III:  METHODOLGY 
	  
 The following chapter outlines the rationales and procedures utilized in assessing 
the reliability, validity, and dimensionality of the Teacher Sense of Efficacy Scale 
(Tschannen-Moran & Hoy, 2001) and the Mathematics Teacher Efficacy Beliefs 
Instrument (Enochs et al., 2000) with K-12 mathematics teachers.  The scales have been 
used predominantly with pre-service teachers in past studies and a gap exists in the 
literature examining mathematics teacher efficacy with established teachers across all 
school levels (Henson, 2000; Klassen et al., 2011).  Past analyses have utilized Classical 
Test Theory frameworks exclusively.  Various issues with construct validity and 
definition have emerged (Henson, 2000; Klassen et al., 2011; Tschannen-Moran et al., 
1998).    
Classical Test Theory 
 Classical Test Theory (CTT) has been the predominant analysis method of choice 
for much of the quantitative work that has been published over the last 50 years 
especially in the education arena (Bond & Fox, 2007; Hambleton, Clauser, Mazor, & 
Jones, 1993).  The premise upon which CTT is built centers on the raw test scores.   
Specifically, an examinee’s score is a “fallible measure of human traits” (Crocker & 
Algina, p. 106) and therefore the correlation between test scores is lower than the 
correlation of their true “objective” value.  An observed score is equal to an unobservable 
“true” score plus error and is expressed in the form: 
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X = T + E 
where X is the observed score, T is the person’s true score and E represents a random 
error element.  Both the true and error score are unobservable latent variables.   This 
linear model involves two unknowns and is not solvable unless some assumptions are 
made.  For the CTT model, the assumptions are that: a) error scores and true scores are 
not correlated; b) the average error score for a population of text takers is zero; and c) the 
error scores on parallel tests are uncorrelated.  Parallel tests assess the same content and 
on which the test takers have the same true score.  In this model, test scores are tied to 
true scores and the scores obtained are dependent on the population sample involved 
(Crocker & Algina, 2008; Hambleton et al., 1993). 
 CTT examines a group’s scores on a test and then a psychological model or 
construct is developed to fit the data.  A significant disadvantage of Classical Test Theory 
is that it assumes all measurement items to be equivalent (Crocker & Algina, 2008).  This 
assumption ignores the fact that some items on a test require a higher level of ability than 
others.  For example, when assessing mobility levels (e.g. Wilson, 2008) one item might 
assess ability to walk down a street whereas another item might assess ability to climb a 
mountain.  The amount of the trait required differs substantially for those two items.  
When CTT methods are used, the two items are treated equally.  Other disadvantages of 
CTT include that it is based on weak assumptions in its origin, and parameters of both 
persons and items are sample and test dependent.  These dependencies can limit the 
usefulness of the results in that the results might not generalize to a larger population 
(Crocker & Algina, 2008: Embretson, 1996; Hambelton et al., 1993).     
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 Bond and Fox (2007), Masters (1982), Wilson (2008), and Wright (1977) have all 
noted that many researchers using survey instruments in their studies make many flawed 
assumptions about the measurement of constructs.  
Rasch Modeling 
 Rasch (1960) is credited with developing the basic one-parameter logistic model.  
This model also is referred to as the “dichotomous Rasch model” (Rasch, 1960).  It 
converts raw scores to a logarithm that determine the probability of success between 
persons and items (Bond & Fox, 2008; Wilson, 2010).  Unlike CCT, Rasch is a model 
that examines measurement at the threshold, and item and instrument level.  CCT only 
addresses the instrument level (Wilson, 2010).    
Reliability and Validity 
 Analysis of reliability and validity of both instruments is an important part of the 
data analysis.  Reliability and validity are important components of both CTT and Rasch 
(or Item Response) theories.  Differences occur in the methods and tools utilized to arrive 
at reliability and validity conclusions.  In addition, the differences in the theoretical 
foundations of each test theory guide what tools and methods are used and when. 
 Reliability of any instrument or test involves an analysis of consistency among the 
scores derived.  In other words, should a participant take the test more than once, the 
scores should correlate across multiple implementations of the test (Kane, 1982).  All 
psychological measurement instruments contain a degree of unreliability that is 
determined by errors of measurement (Crocker & Algina, 2008).  The score itself as the 
number correct has no error, but does have error when used as a precise measure of some 
ability or trait.  According to Classical Test Theory, the mean of the distribution of scores 
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is a person’s true score and the error of measurement is determined by the size of the 
standard deviation.  The smaller the standard deviation, the smaller the error of 
measurement and the reliability of the score has more strength.  Origins of measurement 
errors fall into one of two categories.  Systematic errors are ones that consistently affect 
scores based on some characteristic of either the test or person.  On a multiple choice test, 
a person may always choose “C” for questions for which an answer is not known and this 
would affect the person’s score in a consistent manner.  Random errors of measurement 
occur purely by chance such as guessing periodically or effects from implementation or 
the testing environment (Crocker & Algina, 2008).  Because repeated testing does not 
usually occur in education or psychological inquiries, reliability in many instances is 
determined by one occurrence of a test across a preferably large, well-defined sample 
population (Crocker & Algina, 2008; Traub, 1980).   
 Validity of an instrument is concerned with how well the instrument assesses the 
construct under investigation (Crocker & Algina, 2008; Kane, 1982; Wilson, 2010).  
Wilson (2010) stated that reliability and validity go hand in hand.  When instrument 
development follows through the steps (or building blocks) of defining the construct and 
creating a map, writing items, defining the outcome space, and using the measurement 
model (e.g. Partial Credit model) to determine how well the responses from the items 






	  	  	  	  	  	  	  	  	  	  
50	  
Research Questions 
 This study was guided by the following research questions: 
Research Question 1.   Do both the Teacher Sense of Efficacy Scale (TSES) and the 
Mathematics Teacher Efficacy Beliefs Inventory (MTEBI) prove to be both valid and 
reliable using Item Response Theory analysis? 
 1.a.  Sub-question:  Are there differences in analysis using both Classical          
Test Theory methods and Item Response Theory (Rasch) methods? 
Research Question 2.  Do differences exist in levels of teacher efficacy for math teachers 
at the elementary, middle, and high school levels, gender, highest degree obtained, and 
ethnicity? 
Research Design 
 The study followed a quantitative protocol utilizing both Classical Test Theory 
frameworks and Rasch measurement methods for data analysis (Creswell, 2009).   The 
survey data were the primary source of data and the information derived from the open-
ended questions was used to support and clarify responses that did not support the model. 
The data was analyzed from both a unidimensional and multidimensional framework in 
order to determine which model the data fit better to. Statistical software, SPSS 18 and 
Rasch analysis software ConQuest, and Winsteps were used for comparison of the raw 
survey data.  Two Rasch analysis software were used because Winsteps does not have 
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Teacher Efficacy/Mathematics Teacher Efficacy Beliefs Instrument Construct Map 
 This study utilized pre-existing instruments validated in previous studies that 
followed standard procedures for development according to Classical Test Theory 
principles.  The individual items on each instrument were studied and analyzed in order 
to determine where the items would fall on a low to high continuum. The items from both 
instruments were studied so as to determine a low to high continuum for each factor on 
the instruments.  The Teacher Sense of Efficacy Survey has three established factors as 
determined by previous studies investigating construct validation.  The three factors 
include Teacher Efficacy for Student Engagement, Teacher Efficacy for Instructional 
Strategies, and Teacher Efficacy for Classroom Management.  The Mathematics Teacher 
Efficacy Beliefs Instrument contains items for two factors established by previous 
investigations and construct validation.  The two factors for the MTEBI are Personal 
Mathematics Teaching Belief and Outcome Expectancy.  Scholars familiar with teacher 
efficacy, mathematic teaching, and Rasch theory were asked to rate the items from both 
instruments on a low to high continuum.  This information was compared with the 
researcher’s view on the order of the continuum and provided a form of member 
checking to alleviate an element of bias when determining the initial construct maps. 
Setting 
 Teachers from a suburban school system located outside of a major southeastern 
city were asked to participate in the study.  The school system consists of six high 
schools, one intermediate school, one evening school, seven middle schools, and 23 
elementary schools.   The school system serves 38,760 students and employs 4,500 
individuals with the majority of those employees being the teachers.  The student 
 
	  	  	  	  	  	  	  	  	  	  
52	  
demographics break down as follows: 75% White, 13% Hispanic, 7% Black, 3% Multi-
Racial, 2% Asian, 0.3% American Indian, and 0.1% Pacific Islander.  The student 
population of the district represents the growing diversity present within the state 
although areas closer to the city house even more diverse student populations (District 
Annual Report, 2010-2011).  
Participants 
 All teachers who currently teach mathematics in the school district were invited 
via email to participate in the study, which totaled 1157 teachers.  The study invitation 
was sent to all elementary teachers electronically because unless a departmentalized 
situation is in place, all elementary teachers teach all subjects.  The study invitation was 
only sent to mathematics teachers at the middle and high school.  The majority of 
teachers at the elementary level teach all subjects which greatly extends the pool of 
possible respondents.  Thirty were returned as undeliverable and another 40 replies were 
returned stating that these particular teachers did not teach mathematics.  The final pool 
of possible respondents was 1087.  The overall response rate was 24%.  Of the 1157 
invited teachers, 263 returned completed surveys.  The sample size for the middle and 
high school teachers was smaller compared with the elementary teachers due to the fact 
that almost all elementary teachers in the district teach mathematics in a self-contained 
classroom.  Middle school and high school faculties only have a portion of their teachers 
teaching mathematics due to the emphasis on teachers teaching within their areas of 
expertise.  When broken down by level, the response rates were: 21% for elementary, 
57% for middle school, and 35% for the high school level.     
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 The gender breakdown was 89% (N=232) female and 11% (N=31) male.  In 
addition to the majority of the participants being female, teachers instructing at the 
elementary level were the largest segment of the sample.  Elementary teachers made up 
72% (N=189), middle school teachers at 15% (N=40), and the high school teachers 
consisting of 13% (N=34) of the population.   Other data collected included ethnicity, 
years of experience, and highest degree attained.  The majority of the teachers in the 
school system hold a higher degree of some kind with 84% of the sample having a 
Master’s degree or higher.  Additionally, 89% of the participants were White, 
approximately 2% were African American, 1% was Hispanic, and less than 1% 
responded to the “Other” category on the survey.  Years of experience ranged from first 
year teachers up to those close to retiring.   For a detailed breakdown of the respondent’s 
characteristics, please see Chapter Four. 
Instrumentation 
 The current study made use of two existing teacher efficacy questionnaire: the 
Teacher Sense of Efficacy Scale (TSES) (formally the Ohio Teacher Sense of Efficacy 
Scale) (Tschannen-Moran et al., 2000) and the Mathematics Teacher Efficacy Beliefs 
Instrument (MTEBI) (Enochs et al., 2000).   The purpose served by using both 
instruments is that the combination of the two provided information on teacher efficacy 
in general along with levels of teacher efficacy specific to mathematics.  The TSES has 
been utilized and published 15 times over the past 12 years since its initial development 
(e.g. Charalambous & Philippou, 2010; Knoblauch & Woolfolk Hoy, 2008; Tschannen-
Moran, 1998; Woolfolk Hoy, 2000).  The TSES was used for this study because its 
development of items stemmed from Bandura’s theoretical framework and has had some 
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success with both reliability and validity in past research other than issues with the 
classroom management factor.  Additionally, both instruments have been analyzed only 
through the use of Classical Test Theory and not any kind of Item Response Theory 
(IRT), specifically the Rasch model.  Thus, the current examination extends existing 
research.  Authors of both instruments were contacted and written approval was sent for 
use of both instruments in the present study (See Appendix C). 
 The MTEBI was used to further the understanding of mathematical teacher 
efficacy.  Bandura (1997) stated that efficacy scales should be domain specific.  Use of 
the TSES alone would not tap into activities specific to mathematics teaching.  
Furthermore, Pajares (2006) stated that few studies exist that specifically address teacher 
efficacy of mathematics teachers, especially across all grade levels.  Most studies 
completed in the past have looked at either pre-service teachers or first year teachers. 
(e.g. Woolfolk Hoy, 2000).  Lastly, the MTEBI does not emerge from a self-efficacy 
theoretical framework.  Several of the items are aimed to elicit responses about an 
outcome expectancy viewpoint.  It will be productive to evaluate how this “measures” in 
Rasch analysis due to a gap in the literature. 
Data Collection 
 All participants were invited to participate in the study via email through the 
district portal.  An online survey platform, Google Docs, was utilized to facilitate 
participant anonymity and to gain access to the survey items.  The format provided to all 
participants asked about demographic information first and then the items for each survey 
were presented (Please see Appendix A).  Lastly, two open-ended questions were 
provided so that participants could further expand on their thoughts about their efficacy 
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beliefs for further analysis.  The information obtained was used to extend the information 
for those that had irregular response patterns or provided answers that did not fit the 
model.  The questions included the following: 
1. What specifically has contributed to your thoughts about your ability to teach 
mathematics?   
2. What experiences have you had during your career that have either elevated or 
diminished your thoughts on your ability to teach mathematics to all students you 
encounter?  
 The entire time needed for each participant to complete the survey was 
approximately 15-20 minutes.  
Data Analysis 
CTT Analysis.  All data analysis procedures exploring CTT were performed with SPSS 
18 statistical software (SPSS, Inc., 2008).  Descriptive statistics, correlations, and 
confirmatory factor analysis were performed to test for fit of the data.  To detect 
differences, Analysis of Variance (ANOVA) tests were performed to compare means 
between school levels, gender, ethnicity, and degrees held.  Reliability was examined by 
looking at Cronbach Alphas.  Cronbach alpha is a standard analysis in many validation 
studies and was used in the original validation studies of the two instruments (Enochs et 
al., 2001; Tschannen-Moran et al., 2000).  Coefficients such as Cronbach alpha are the 
ratio of true score variance to observed score variance and estimates the level of precision 
from a single administration of the instrument (Crocker & Algina, 2008).   
 The original nine categories of responses that the authors of the instrument 
developed were used for the TSES ranging from “nothing” (1-2), “very little” (3-4), 
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“some influence” (5-6), “quite a bit” (7-8)  to “a great deal” (9) were assigned scores of 
1-9 as this is what was suggested for survey implementation by the creators of the 
instrument.  The original five response categories as developed by Enochs et al. (2000) 
were used for the MTEBI ranging from “strongly agree,” “agree,” “uncertain,” 
“disagree,” to “strongly disagree” and were assigned scores of 1-5.   
Rasch Analysis.  The data were then analyzed with the computer programs ConQuest 
and Winsteps.  ConQuest has the capability to test for multidimensionality and Winsteps 
provides better avenues for analyzing at the person and item level.  Both software 
packages were used to provide more in-depth analysis of the data set.  Fit indices and 
item characteristic curve analyses were performed on the data.  Additionally, item and 
person separation indices were examined along with infit and outfit t’s.  Item Response 
Theory allows for data analysis at the item and individual level where you will determine 
both a person ability level and item difficulty level.  The Rasch (1960) model stated that 
there is a probability associated with a person answering an item correctly.  The 
mathematical model that determines the probability that a person n will achieve a specific 





where Pni is the probability of success on an item, 𝛽  is the person ability, and 𝛿 is the 
difficult level of the item.  The value expressed from this algorithm is called a logit 
(Wilson, 2008; Wright, 1977).  A logit is the logarithmic transformation of a raw score to 
its probability score of success.  Transforming raw scores into logits translates the score 
from an ordinal score to an interval score (Bond & Fox, 2007).  Normal logits are 
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expressed anywhere from -5 to 5 and indicate the level of difficulty of items as well as 
the level of ability of each person.  For this study, item difficulty refers to the how much 
teacher efficacy a respondent has to answer the item favorably whereas ability is measure 
of the amount of teacher efficacy the respondent holds.  Higher teacher efficacy will 
result in a higher level of items favorably answered. Partial Credit Modeling was used for 
analysis because item responses may indicate a degree of correctness when answering the 
question rather than the response as correct or incorrect.  The Partial Credit Model 
(Masters, 1982) uses the dichotomous Rasch model to analyze neighboring pairs of 
responses.  The Rasch Model is a one-parameter IRT model because item difficulty is 
defined as the capacity for which the probability of success is 0.5 (Wu & Adams, 2007) 
where the respondent has an equal chance of endorsing versus not endorsing an item. 
Limitations 
  There are limitations that impacted the results of this study.  The participants 
were part of a convenience sample.  All participants came from the school system at 
which the researcher is employed.  Although participants covered all K-12 levels of 
teaching, the setting was a suburban school district.  This particular sample may not 
generalize  to the larger population of mathematics teachers.  Secondly, the use of 
surveys rely on accurate self-reporting.  There is the possibility that the participants 
answered according to the level of teacher efficacy they would like to have rather than  
their current state. This is called positivity bias, that is, when individuals answer prompts 
more positively because they are either answering what they think the researchers want or 
answer in such a way as to protect their self concept. 
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Ethical Considerations 
  Results were reported in aggregate form or de-identified for qualitative 
data for the open-ended items.  All participants were given an identification number in 
order to protect the anonymity of each individual.  The document matching participant 
names with their identification numbers were kept in a password-protected file on the 
researcher’s computer.
 




CHAPTER IV:  RESULTS 
	  
 This chapter presents the results of both Classical Test Theory and Rasch analysis 
conducted to investigate the strength of current Teacher Efficacy measurement 
instruments. The Teacher Sense of Efficacy Scale measured efficacy with respect to  
general aspects of teaching whereas the Mathematics Teacher Efficacy Belief scale 
intended to measure more specific aspects of teaching relating only to mathematics. 
Additionally, this study investigated possible differences that might exist between 
elementary, middle, and high school teachers in efficacy levels.  The following questions 
guided the analysis: 
 Research Question 1.   Do both the Teacher Sense of Efficacy Scale (TSES) and 
the Mathematics Teacher Efficacy Beliefs Inventory (MTEBI) prove to be both valid and 
reliable using Item Response Theory analysis? 
 1.a.  Sub-question:  Are there differences in analysis using both Classical          
Test Theory methods and Item Response Theory (Rasch) methods? 
 Research Question 2.  Do differences exist in levels of teacher efficacy for 
mathematics teachers at the elementary, middle, and high school levels?  Additionally, 
are there differences in levels based on ethnicity, gender, highest degree obtained, and 
years of experience? 
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 The first question specifically focused on how well each instrument measured the 
intended construct.  The second question seeks to determine if the aforementioned 
instruments were able to distinguish between teachers in different settings and groups.   
 The data for each instrument was examined separately due to the differences in 
question and response formats and therefore limited the ability to combine the data into 
one set. As stated previously, the TSES was based on Bandura’s (unpublished and 
undated) teacher efficacy scale whereas the MTEBI contained items that came from both 
a personal efficacy and outcome expectancy standpoint (Enochs et al., 2000; Tschannen-
Moran et al., 2001).     
 Rasch analysis has the potential to expose aspects of data not clearly seen using 
means, standard deviations, and other CTT-based measures (Curtis & Boman, 2007).  
Analysis should be viewed through lenses at different levels.  Curtis and Boman (2007) 
stated, “Bringing multiple perspectives to bear on a data analysis problem can give 
greater confidence in the interpretations arising from the analyses” (p. 249).  Both the 
TSES and MTEBI were analyzed at the instrument, person and item, and threshold levels.  
Comparisons were made using both Classical Test Theory and Rasch analysis methods 
where appropriate.  At the instrument level, focus was placed on how well the 
instruments measured the construct of Teacher Efficacy with mathematics teachers.  The 
next level looked at the individual contributions of each item to the overall consistency of 
each instrument and, lastly, analysis focused on the threshold level between item answer 
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Participant Characteristics 
 Table 1 provides the breakdown of gender, ethnicity, and highest degree attained 
by elementary, middle, and high school levels.  Over 84% of the respondents had degrees 
at the Master’s level or higher.  In addition, the majority of the respondents were female 
and White.   
Table 1 
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Teacher Sense of Efficacy Scale Analysis 
Descriptive Statistics.  Standard means, deviations, and variance were computed using 
SPSS version 18.  The teacher-efficacy mean for the total population was 7.5 with a 
standard error of 0.05.  The responses were given on a 9-point scale raging from “not at 
all” to “a great deal.”  All questions were formed with the word “can” in keeping with 
Bandura’s (2006) suggestion that when designing self-efficacy instruments, the wording 
should be framed to indicate where respondents beliefs are at the given moment.   
Examples of the items include: 
 
	  	  	  	  	  	  	  	  	  	  
62	  
1. How much can you do to get through to the most difficult students? 
2. How much can you do to motivate students who show low interest in 
schoolwork? 
3. How well can you respond to difficult questions from your students?    
All responses were analyzed because there were no missing data in any of the completed 
online surveys.   
 Means for each level were also obtained.  Elementary teachers had a mean of 7.6 
on the TSES and a standard error of 0.06.  The standard deviation for this group was 0.77 
and the variance was 0.59.  Middle school teachers had a mean at 7.32 and standard error 
of 0.12.  The standard deviation for the middle school teachers was .76 and the variance 
was 0.58.  Finally, the high school teacher mean was 7.23 with a standard error of 0.13.  
The standard deviation was 0.73 and the variance was at 0.53.  Table 2 contains the 
completed data analysis and compared the means for school level, gender, ethnicity, and 
highest degree attained.   
 Females had a higher teacher efficacy mean than males.  Also, when examining 
the degree level, the higher the degree attained, the higher the mean on the TSES.  
Participants with doctorates had the highest overall mean on the instrument whereas 
participants with bachelor’s degrees had the lowest overall mean on the TSES.  There 
was also a substantial lower variance for doctoral degrees when compared to the other 
groups. 
 An analysis of variance (ANOVA) was performed on the data to provide 
information to answer the second research question on possible differences in teacher 
efficacy between levels of teaching.  The sample size for each category was not sufficient 
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to complete the analysis.  Therefore, middle and high school teachers were combined into 
one group. This group teaches one subject that is usually a strength of the teacher and 
experiencing a departmentalized education environment.  A significant difference was 
found (p < .05) with the middle and high school teacher group reporting a significantly 
lower teacher-efficacy level than the elementary teacher group.   
Table 2 
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Factor Analysis.  Tschannen and Hoy (2001) used confirmatory factory analysis (CFA) 
with varimax rotation in their validation study of the Teacher Sense of Efficacy Scale 
instrument.  Confirmatory factor analysis was used in the present study for consistent 
comparison and to account for the number of latent variables that emerged from the data.  
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Factor analysis is one method used to determine validity of a test or instrument.  The 
process verifies whether there are one or more groups of items that display similar 
performance during the administration of a test or survey.  Correlations are calculated 
between all pairs of tests in a set of tests and factors.  A factor is an unobservable trait or 
latent trait.  The correlations are called factor loadings.  Items that load heavily on one 
factor versus another are what determine the potential number of factors.  Eigenvalues are 
also commonly used to determine the number of factors and are therefore examined as 
well.  The size of an eigenvalue is determined by the patterns of correlations in the 
correlation matrix of items.  Eigenvalues larger than one are indicative of a factor 
(Crocker & Algina, 2008).  
 No restrictions were placed on the first run of the analysis.  Four factors were 
extracted with eigenvalues over 1.0.  The scree plot indicated a sharp elbow after the 
third factor (See Figure 1).  Factor 1 accounted for 39.6% of the variance, Factor 2 
accounted for 9.6%, Factor 3 accounted for 6.2% of the variance, and Factor 4 accounted 
for 5.7% of the variance.  All of the remaining factors accounted for 1-3% of the 
variance.   
 Item loadings were also analyzed in order to determine whether individual items 
contributed to more than one factor.  Item 12 had a fairly balanced load on 3 of the 4 
factors.  Additionally, Items 2 and 19 had similar (though weak) loadings on both Factors 
2 and 3 (See Table 3).  As stated previously, a factor is an unobservable trait or latent 
variable.  Factor loadings are the correlation values between the scale and factors.  Strong 
loadings are closer to one.  Criteria for factor loadings are that loadings should only be 
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large on a few of the factors derived and have very low or zero loadings on the other 
factors (Crocker an& Algina, 2008).   
Figure 1. Scree Plot for Initial Confirmatory Factory Analysis (CFA) 
 
 A second run of the factor analysis limited the number of factors to three in 
keeping with the number of factors Tschannen-Moran and Hoy (2001) found in their 
initial validation study of the instrument.  The results indicated that the top three factors 
accounted for the same percentages of variance.  The scree plot was identical to that of 
the one created during the first analysis.  A Principal Component Analysis extracted the 
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Table 3 
TSES	  Factor	  Loadings	  for	  CFA	  with	  Varimax	  Rotation 
Scale Factor 1 Factor 2 Factor 3 Factor 4 
TSES1SE .236 .153 .599 .330 
TSES2SE .106 .263 .318 .858 
TSES3CM .756 -.050 .237 .150 
TSES4SE .230 .100 .717 .257 
TSES5CM .106 .263 .318 .858 
TSES6SE .591 .132 .008 .422 
TSES7IS .193 .157 .688 .137 
TSES8CM .523 .363 -.022 .118 
TSES9SE .356 .202 .654 .143 
TSES10IS .246 .580 .218 .161 
TSES11IS .182 .671 -.015 .345 
TSES12SE .158 .351 .445 .325 
TSES13CM .783 .102 .222 .083 
TSES14SE .213 .390 .585 .118 
TSES15CM .699 .101 .368 -.156 
TSES16CM .788 .281 .112 .137 
TSES17IS .200 .580 .388 .025 
TSES18IS .081 .781 .234 .048 
TSES19CM .744 .276 .271 .026 
TSES20IS .171 .683 .150 .127 
TSES21CM .645 .279 .223 .033 
TSES22SE .040 .336 .662 -.005 
TSES23IS .224 .642 .431 .016 
TSES24IS .118 .626 .248 .240 
  Note: Factor Loadings > .40 are in boldface.  SE = Student Engagement; CM = 
Classroom Management; IS = Instructional Strategies.  Items are labeled with these 
categories in keeping with the factors Tschannen-Moran et al. (2001) found in their 
validation study. 
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 The factor loadings followed a similar pattern as Tschannen and Hoy (2001).  
They identified three factors that together make up Teacher Efficacy.  The three factors 
are Student Engagement, Instructional Strategies, and Classroom Management.  Items 1, 
2, 4, 6, 9, 12, 14, and 18 were the items identified as Student Engagement.  Items 7, 10, 
11, 17, 18, 20, 23, and 24 were the specific items identified as Instructional Strategies.  
Last, items 3, 5, 8, 13, 15, 16, 19, and 21 were the items identified as Classroom 
Management. Table 4 compares each question and factor loading.  A closer look at the 
item loadings revealed commonalities with a few of the items.  Items 8 and 14 had 
loadings on both Factor 1 and Factor 3 (Classroom Management and Instructional 
Strategies).  Item 9 had strong loadings on both Factors 1 (Classroom Management) and 
Factor 2 (Self Efficacy) with the correlations at .42 and .55 respectively.   
 Reliability estimates obtained were similar to those found in Tschannen-Moran 
and Hoy’s (2001) validation study.  Cronbach alphas are consistently used as a measure 
of reliability under Classical Test Theory.  Reliability is determined by examining how 
close the observed score is to the true score.  In other words, reliability coefficients 
compare the true score variance with the observed score variance.  Cronbach alpha 
statistic is used to rate the internal consistency of items either dichotomously scored or 
ones which have a range of scoring such as those on attitude surveys utilizing Likert 
scales.  Alphas are estimated using the data from the test administration, and therefore are 
dependent on the sample used and do not necessarily translate to a larger population 
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Table 4 









TSES1SE .272 .667 .163 
TSES2SE .052 .755 .297 
TSES3CM .760 .251 -.038 
TSES4SE .288 .719 .104 
TSES5CM .052 .755 .297 
TSES6SE .539 .231 .157 
TSES7IS .261 .625 .157 
TSES8CM .499 .027 .374 
TSES9SE .416 .594 .204 
TSES10IS .249 .253 .587 
TSES11IS .138 .175 .687 
TSES12SE .175 .539 .361 
TSES13CM .791 .197 .112 
TSES14SE .268 .527 .390 
TSES15CM .751 .177 .098 
TSES16CM .775 .137 .295 
TSES17IS .239 .311 .578 
TSES18IS .099 .202 .781 
TSES19CM .763 .202 .283 
TSES20IS .170 .179 .688 
TSES21CM .659 .170 .285 
TSES22SE .119 .524 .327 
TSES23IS .269 .339 .639 
TSES24IS .118 .328 .634 
  Note: Factor Loadings > .40 are in boldface.  SE = Student Engagement; CM = 
Classroom Management; IS = Instructional Strategies.  Items are labeled with these 
categories in keeping with the factors Tschannen-Moran et al. (1998) found in their 
validation study. 
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 Analysis with the study sample had a Cronbach alpha of .93 compared with 
Tschannen and Hoy’s .94 (2001).  Alphas were obtained on each factor as well.   The 
Student Engagement factor was .83 compared with Tschannen’s value of .87 (2001).  
Next, the Instructional Strategies factor had a value of .83 compared with Tschannen’s 
.91 (2001).  Lastly, the Classroom Management factor had a value of .85 compared with 
Tschannen et al. at .90 (2001).   
Rasch Analysis 
 Analysis for both instruments began by rating the items for difficulty and placing 
the items on a high to low continuum.  In addition to the researcher, two expert scholars 
on both Rasch analysis and teacher efficacy were asked to rate the items as well.  The 
ratings and feedback from the two scholars were combined to form construct maps for 
both the TSES and the MTEBI.   
 The TSES construct map is sectioned by factor:  Student Engagement, Classroom 
Management, and Instructional Strategies. For each factor, the continuum has two sides.  
The left side indicates low to high efficacy and the right side ranks the items according to 
difficulty to answer.  The more efficacy a respondent has, the more questions he or she 
can answer “correctly.”  In other words, the respondent who endorses an item positively 
has a higher level of efficacy.  See Figures 2-4 for each Construct Map as delineated by 
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Figure 2.  Construct Map for Student Engagement 
 
 In creating the construct maps, feedback from the two member checkers was 
taken into consideration.  The first member checker ranked the TSES items from 
requiring the most teacher efficacy to the least for each factor.  She also stated that she 
thought that there were differences for elementary and secondary teachers on a general 
platform.  She felt that most secondary teachers are comfortable or confident to teach 
mathematics in light that mathematics is their area of expertise.  On the other hand, she 
felt that in her experience with elementary teachers, she found that many of them are 
more hesitant with mathematics due in part to the fact that most elementary teachers 
teach more than one subject.  She found that elementary teachers in comparison are more 
ill at ease teaching with a reform-oriented perspective.   
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Figure 3.  Classroom Management 
 
	   The second member checker also ranked the items according to level of efficacy.  
She found some issues with the way some of the items were worded.  For example, on 
the item “To what extent can you craft good questions for your students?” she inquired as 
to what made a “good” question.  Additionally, she questioned about the use of the word 
“proper” in the item “How much can you do to adjust your lessons to the proper level for 
individual students?”  Lastly, she wondered about the use of the word alternative in the 
item “How well can you implement alternative strategies in your classroom?”  She 
wondered what was meant by the word.  Did it refer to differentiated instruction or 
something else?   
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Figure 4.  Instructional Strategies Construct Map 
 The ratings for each question were combined into one spreadsheet and it was from 
these data that the three construct maps were made for each of the factors on the TSES.  
Although there were a few differences in ratings, overall the pattern for what was 
considered high level efficacy questions from low efficacy questions was apparent.  
Partial Credit Model Analysis  
 The Partial Credit Model (PCM) was used to test the overall fit of the data to the 
model using ConQuest software.  This model was chosen from the family of Rasch 
models over others due to the type of data and measurement instruments used in the 
present study.  The basic Rasch model works for dichotomous data.  This was not the 
case with this data set.  The rating scale model moves beyond the basic Rasch model and 
is often used for data obtained from Likert-type scales.  One assumption of this particular 
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model is that it assumes all response categories will be used.  This is not the case either 
with this data set.   PCM was chosen because it allows for the possibility of not having 
the same number of response categories used on each item (Bond & Fox, 2007).  The 
algebraic equation for the probability of person n’s response being in outcome category x 
of item I is given by 
𝒫𝓃𝒾𝓍 =   
!
!!   !"#𝓂𝒾𝓀!! (!!!  !!")
!
!!!






!!   !"# (!𝓃!  !𝒾𝒿)𝓀𝒿!!
𝓂𝒾
𝓀!!
  for x = 1, 2, ….,mi 
where 𝛿!!, 𝛿!!, ….𝛿!" are the set of parameters associated with item i.  The number of 
item parameters is equal to mi  when there are mi +1 response categories given (Masters, 
1999).  PCM is used for items in which there are two or more ordered levels of difficulty 
whose purpose is to model the distributional changes in a person’s responses over the 
available choices with increasing difficulty (Masters, 1999).  The threshold estimates are 
unique for each item instead of one set of thresholds that pertain to the entire set of items 
(Bond & Fox, 2007).  PCM allows for analysis to be investigated at each item and 
comparisons made about how each individual item contributed to the overall model. This 
model was chosen over the Rating Scale model for analysis.  The Rating Scale model has 
been commonly used for instruments that use Likert scales but the model requires that 
every item have the same number of response categories.   Although Likert scales have 
the same number of response options for each item, it does not mean that all the response 
options will be utilized during an implementation of the instrument.  The partial credit 
Rasch model (PCM) purposely includes the possibility of obtaining differing response 
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options (Bond & Fox, 2008).   The purpose of both instruments is to measure the amount 
of teacher efficacy (or mathematics teaching efficacy) in each respondent, so this model 
makes the most sense to use because its purpose is to discriminate between degrees of 
efficacy level assumed in items and amounts of the latent construct in each person. 
 In addition to using the Partial Credit model, the data was also analyzed under a 
multidimensional analysis given that there are three components (factors) that make up 
teacher efficacy working in tandem to create the construct “Teacher Efficacy.” 
Comparisons were made between the unidimensional model and the multidimensional 
model.  Bond and Fox (2008) acknowledged that a first glance at a multidimensional 
Rasch analysis went against the basic principle of the Rasch model to measure one 
variable (or latent trait) at a time.  However, latent traits have other forces that contribute 
to them.  The three factors that make up Teacher Efficacy according to Tschannen-Moran 
et al. (2001) work together in a balance, versus each factor working separately.  Although 
each factor can be seen as a separate dimension, the working of the three (or two for the 
MTEBI) together is what constitutes the construct of teacher efficacy or mathematics 
teaching efficacy.   
 The multidimensional model utilized by ConQuest begins with the general form 
of the Rasch model.  This particular model accommodates for the possibility of more than 
one dimension.  It is feasible to test more than one dimension at a time.  The difference 
between this and the basic PCM is that person ability is a vector rather than a scalar value 
and has an ability measure for each dimension.  Item difficulty (in this case, degree of 
efficacy needed to answer favorably) is expressed as a vector of values as well for each  
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Figure 5.  TSES Partial Credit One-Dimensional Map	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
MAP OF LATENT DISTRIBUTIONS AND RESPONSE MODEL PARAMETER 
ESTIMATES 
 logits                          +item 
---------------------------------------------------- 
               X|                                  | 
                |                                  | 
   4            |                                  | 
                |                                  | 
                |                                  | 
                |                                  | 
               X|                                  | 
               X|                                  | 
                |                                  | 
               X|                                  | 
               X|                                  | 
   3           X|                                  | 
              XX|                                  | 
               X|                                  | 
               X|                                  | 
             XXX|                                  | 
             XXX|                                  | 
             XXX|                                  | 
           XXXXX|                                  | 
          XXXXXX|                                  | 
   2       XXXXX|                                  | 
           XXXXX|                                  | 
          XXXXXX|                                  | 
         XXXXXXX|                                  | 
        XXXXXXXX|                                  | 
      XXXXXXXXXX|                                  | 
        XXXXXXXX|                                  | 
       XXXXXXXXX|                                  | 
   1    XXXXXXXX|                                  | 
         XXXXXXX|                                  | 
        XXXXXXXX|                                  | 
       XXXXXXXXX|                                  | 
        XXXXXXXX|1                                 | 
      XXXXXXXXXX|                                  | 
          XXXXXX|3 15 23                           | 
           XXXXX|7 13 17                           | 
           XXXXX|2 5 6 8 11                        | 
   0         XXX|4 12 20 21 24                     | 
             XXX|16                                | 
            XXXX|9 22                              | 
              XX|10 14                             | 
               X|                                  | 
                |19                                | 
                |18                                | 
==================================================== 
Each 'X' represents 1.6 cases 
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dimension.  It shows how one item may contribute differentially to the different 
dimensions (Wilson, 2010). 
 The construct map for the TSES utilizing a unidimensional Partial Credit model is 
featured in Figure 5.  When creating the map in Conquest, the cases are scaled so that the 
sum of the X’s equals the sample size and will fit in the space allowed in the program. 
 Because this particular analysis only examined the data from a unidimensional 
standpoint, all the items are grouped together.  The left side of the map shows where all 
the respondents were categorized and the right side shows the level of difficulty needed 
to answer each item.  This map provides a striking visual as to how the participants 
compared with the item levels.  The respondents overall had much higher levels of 
efficacy than the items could distinguish. Item 1 was the hardest item to endorse and 
required a higher level of efficacy in order to endorse the item positively. This item falls 
in line with the original construct map made by rating the actual items of the TSES onto a 
continuum.  The item rankings completed by the researcher and member checkers also 
rated this item as requiring more efficacy when compared with the other items.  Item 3 
was the most difficult for the Classroom Management factor.  Item 7 was higher on the 
continuum for Instructional Strategies and correlated with the ranking of that item on the 
construct maps created by the researcher. 
 The second analysis utilized the Partial Credit Model using a multidimensional 
framework.  The construct map in Figure 6 shows each dimension separately and gives 
the rankings of the respondents for each factor next to each other.  The analysis was set 
up according to each dimension as found by Tschannen-Moran et al. (2001).  Although  
Figure 6.  TSES Multidimensional Construct Map 
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MAP OF LATENT DISTRIBUTIONS AND RESPONSE MODEL PARAMETER 
ESTIMATES 
             Dimension      Terms in the Model (excl Step terms) 
------------------------------------ 
  Student       Instruct.    Class 
Engagement      Strategies   Mngmt.          +item 
---------------------------------------------------------------- 
   6            |         |         |                                   
                |         |         |                                   
                |         |        X|                                   
                |         |         |                                   
                |         |        X|                                   
   5            |         |         |                                   
                |         |        X|                                   
                |         |        X|                                   
                |        X|        X|                                   
                |        X|        X|                                   
   4            |         |        X|                                   
                |        X|        X|                                   
                |        X|       XX|                                   
                |       XX|      XXX|                                   
               X|        X|       XX|                                   
   3           X|      XXX|     XXXX|                                   
                |      XXX|     XXXX|                                   
              XX|     XXXX|     XXXX|                                   
              XX|     XXXX|     XXXX|                                   
               X|    XXXXX|    XXXXX|                                   
             XXX|    XXXXX|     XXXX|                                   
   2        XXXX|    XXXXX|    XXXXX|                                   
            XXXX|   XXXXXX|   XXXXXX|                                   
           XXXXX|   XXXXXX|   XXXXXX|                                   
         XXXXXXX|    XXXXX|    XXXXX|                                   
          XXXXXX|    XXXXX|     XXXX|                                   
   1    XXXXXXXX|   XXXXXX|     XXXX|                                   
         XXXXXXX|  XXXXXXX|     XXXX|13 24                              
         XXXXXXX|    XXXXX|    XXXXX|3 23                               
      XXXXXXXXXX|     XXXX|     XXXX|15 17                              
         XXXXXXX|     XXXX|     XXXX|1 6 8 11 20                        
   0    XXXXXXXX|      XXX|      XXX|7 16 21                            
           XXXXX|      XXX|       XX|2 9 10 12 22                       
            XXXX|       XX|       XX|4 5 14                             
             XXX|        X|        X|                                   
               X|        X|        X|18 19                              
  -1           X|        X|        X|                                   
               X|         |         |                                   
                |         |         |                                   
=================================================================
======= 
Each 'X' represents 2.7 cases 
the order of some items changed when separated out into the three factors, overall the 
respondents again had much higher efficacy than the difficulty of the items.   
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 The latent distribution map above compares the responses with the items on a 
high to low continuum for each dimension or factor.  Items 18 and 19 were the easiest to 
endorse whereas items 13 and 24 were the most difficult of the items. Only those with the 
highest levels of efficacy according to the model were able to easily endorse that 
particular item.   All items fell between -1 to 1 logits.  The vast majority of respondents 
had ability levels much higher than the item difficulties.  Only 12 respondents fell below 
any of the items indicating that the vast majority of respondents had efficacy levels high 
enough to positively endorse the items.   
 The maps above were compared with the initial construct maps rated by the 
researcher and two member checkers.  There was not direct agreement between how the 
actual items fell on the continuum after the Rasch analysis with the initial maps created 
by the researcher.  However, the items that the experts considered to require more 
efficacy than others did also turn out to be the items that were higher on the continuum of 
the PCM analysis map. 
 Analysis also provided correlations between the dimensions.  This measure of 
covariance correlation showed how well the different dimensions work together in the 
TSES instrument.  Dimension 1 to Dimension 2 had a correlation value of .82.  
Dimension 2 to Dimension 3 was .68, and  Dimension 3 to Dimension 1 was .68. 
 Each dimension was separated as well.  Figure 5 illustrates the construct map for 
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Figure 7.  Latent Distributions for Student Engagement 
MAP OF LATENT DISTRIBUTIONS AND RESPONSE MODEL PARAMETER ESTIMATES 
   Dimension Terms in the Model (excl Step terms) 
Student Engagement                    +item 
---------------------------------------------------- 
   
                |                                  | 
                |                                  | 
                |                                  | 
   5            |                                  | 
                |                                  | 
                |                                  | 
                |                                  | 
                |                                  | 
   4            |                                  | 
                |                                  | 
                |                                  | 
                |                                  | 
               X|                                  | 
   3           X|                                  | 
                |                                  | 
              XX|                                  | 
              XX|                                  | 
               X|                                  | 
             XXX|                                  | 
   2        XXXX|                                  | 
            XXXX|                                  | 
           XXXXX|                                  | 
         XXXXXXX|                                  | 
          XXXXXX|                                  | 
   1    XXXXXXXX|                                  | 
         XXXXXXX|                                  | 
         XXXXXXX|3                                 | 
      XXXXXXXXXX|                                  | 
         XXXXXXX|1 6 8                             | 
   0    XXXXXXXX|7                                 | 
           XXXXX|2                                 | 
            XXXX|4 5                               | 
             XXX|                                  | 
               X|                                  | 
  -1           X|                                  | 
               X|                                  | 
                |                                  | 
                |                                  | 
                |                                  | 
  -2            |                                  | 
                |                                  | 
                |                                  | 
                |                                  | 
                |                                  | 
  -3            |                                  | 
==================================================== 
Each 'X' represents 2.7 cases 
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that was intended to describe that dimension.  Dimension one is the Student Engagement 
factor. 
Figure  8.  Latent Distribution Map for Instructional Strategies 
 
MAP OF LATENT DISTRIBUTIONS AND RESPONSE MODEL PARAMETER ESTIMATES 
 
   Dimension Terms in the Model (excl Step terms 
Instructional Strategies            +item 
---------------------------------------------------- 
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             XXX|                                  | 
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==================================================== 
Each 'X' represents 2.7 cases 
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The instrument in its entirety was also studied through the scale summary statistics.  
Rasch analysis provides several different ways of demonstrating the quality of the 
instrument and the adequacy of measurement.  The following table describes the 
summary statistics for the TSES.  The instrument was analyzed as a whole and then also  
Figure 9.  Latent Distribution Map for Classroom Management 
 
MAP OF LATENT DISTRIBUTIONS AND RESPONSE MODEL PARAMETER ESTIMATE 
Classroom Mgmt.                  +item 
---------------------------------------------------- 
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according to the three factors: Student Engagement, Classroom Management, and 
Instructional strategies (See Table 9).  The variance for the unidimensional model was 
325.53 and the three-dimensional model was 299.98.  Variance was less on the three-
dimensional version by a substantial amount.     
Table 5 











Number of Items 24 8 8 8 
Number of Respondents 263 263 263 263 
Response Options 9 9 9 9 
Cronbach Alpha .93 .83 .78 .80 
Person Separation Index .94 .86 .86 .89 
Mean Person Score 1.07 0.827 1.486 1.821 
     
 
 Table 5 describes the statistics for the entire sample population.  Means for each 
group (school level, gender, ethnicity, and highest degree obtained) are compared with 
the raw score means determined from CCT.  The means are described in logits, the 
average amount of the teacher efficacy determined from the response patterns and the 
data applied through the Partial Credit model.  Ethnicity means are not included as there 
were not enough data available in each category to make an accurate analysis.  Over 96% 
of the sample was White.  A larger sample from other ethnic groups would be needed in 
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Table 6. 














     Elementary 

















     Female 

















     Bachelors 
     Masters 
     Specialist 


























Note:  Means are described in logits.  
 The scaled means for each group depended on the response categories utilized.  
As stated earlier, not all response categories were used by the respondents, especially 
categories one through three (“nothing” to “very little”).  Elementary had a higher mean 
than the middle/high group.  Females had a significantly higher teacher efficacy mean 
than males.  Participants with bachelor’s degrees had lower efficacy means than masters 
or specialists.  The doctorate group had a lower mean when compared with the other 
three but the sample size affected that analysis.  None of the differences were at a level of 
significance.  Rasch modeling should have at least 40 in a group for accurate analysis.  
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Item and Person Analysis 
Item Fit.  This section reports on the data analysis of the TSES at the item and person 
level.  Both CCT and Rasch have means of looking at the instrument from an item level.  
For CCT, the analysis focuses on items as a way of providing evidence for both the 
reliability and validity of the instrument.  One main purpose of any assessment or survey 
instrument is to be able to distinguish differences between respondents.  Items chosen 
must be able to discriminate between those that have a high level of the construct in 
question (e.g. teacher efficacy) or have a lower level of the construct (Crocker & Algina, 
2008). 
 When analyzing instruments involving a Likert scale such as the TSES, a 
common formula used in CCT is the Pearson product coefficient when the score has a 
possible range of responses.  The Pearson product coefficient compares each item to the 
total score and determines the strength of the relationship between the two.  Tables 10 
and 11 show the distribution of responses, alphas if item were removed, and item total 
correlations for each of the 24 items.   
 First the distribution of response categories was examined.  The lower categories 
for this instrument (1-3) were either used very infrequently or not at all.  It is evident (see 
Table 10) from the visual of the distribution that the majority of the responses were on 
the upper end of the spectrum provided.  The TSES contained nine response categories 
responding to “How much can you do?” on each statement and ranging from “Nothing” 
to “A Great Deal.”  The item analysis showed that the respondents on most of the items 
did not use all response categories provided as choices.  Only items 3 and 8 had all nine  
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Table 7 
TSES Item Response Distribution 
Item 1 2 3 4 5 6 7 8 9 
TSES1 0 0 4 12 44 44 65 60 34 
TSES2 0 1 6 4 31 44 76 54 47 
TSES3 0 0 7 0 13 19 57 76 91 
TSES4 1 2 9 10 40 68 56 48 29 
TSES5 0 1 6 4 31 44 76 54 47 
TSES6 0 0 0 1 1 9 21 53 178 
TSES7 0 0 2 0 10 25 80 81 65 
TSES8 0 0 1 0 1 11 26 70 154 
TSES9 0 1 4 4 23 36 72 80 43 
TSES10 0 0 0 1 1 14 62 109 76 
TSES11 0 0 0 4 5 21 63 98 72 
TSES12 0 1 3 5 25 58 74 60 37 
TSES13 0 0 4 0 8 20 52 96 83 
TSES14 0 0 1 1 16 70 86 63 26 
TSES15 0 1 2 4 10 29 77 90 50 
TSES16 0 0 0 2 6 6 52 89 108 
TSES17 0 2 1 3 11 19 60 85 82 
TSES18 0 0 0 4 18 27 69 75 70 
TSES19 0 0 5 3 9 28 81 87 50 
TSES20 0 0 1 0 4 14 52 93 99 
TSES21 0 1 1 6 13 28 84 80 50 
TSES22 1 2 4 8 32 48 77 53 38 
TSES23 0 0 0 5 8 34 81 77 58 
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categories utilized.  All other items had anywhere from 1-3 categories unused on the 
lower end of the spectrum (“Nothing” to “Very Little”). 
 Table 8 illustrates that all the items correlated with the total teacher efficacy 
average mean for population.  Items 6 and 8 were slightly below 0.500 but all others were 
above.  The Cronbach alpha for the TSES was .93.  When looking at the alphas for each 
item if removed, the alpha values were lower.  Therefore, the items each then contributed 
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Table 8 







TSES1 .613 .928 
TSES2 .615 .928 
TSES3 .518 .930 
TSES4 .619 .928 
TSES5 .615 .930 
TSES6 .491 .929 
TSES7 .576 .930 
TSES8 .458 .927 
TSES9 .674 .929 
TSES10 .574 .929 
TSES11 .516 .928 
TSES12 .583 .928 
TSES13 .586 .927 
TSES14 .651 .927 
TSES15 .545 .929 
TSES16 .644 .928 
TSES17 .603 .928 
TSES18 .564 .929 
TSES19 .674 .927 
TSES20 .541 .929 
TSES21 .591 .928 
TSES22 .521 .930 
TSES23 .670 .927 
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Rasch Item Analysis 
 Below is the item characteristic curve (ICC) created in ConQuest (Figure 10) for 
item 1:  “How much can you do to get through to the most difficult students?”  The 
response categories that were used fit fairly well against the model.  The infit for item 1 
was 1.06 and the outfit was 1.04.  The ICC displays the function of each response 
category and compares it with the actual response pattern.  Bond and Fox (2008) stated 
that infit statistics between 0.7 and 1.4 fall within an expectable range of fit.  The closer 
the statistic is to 1 the better overall fit of the data to the model (Bond & Fox, 2008; 
Masters, 1999).   
Figure 10.  Characteristic Curve (ICC) for Item 1 on the TSES. 
 
 A third Partial Credit Model analysis was completed with the lower three 
response categories collapsed into one.  The lower categories were collapsed to determine 
if better fit was obtained.  Categories 1-3 were collapsed into one category and a second 
analysis was run using the Partial Credit model and re-scoring the lower categories to the 
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same value.  Below is the Item Characteristic Curve for the item 1 after collapsing the 
lower response choices. 
Figure 11.  Item Characteristic Curve TSES collapsed categories. 
 
 This Item Characteristic Curve also shows a fairly good fit to the model.  The 
solid lines represent the model whereas the dotted lines represent where the respondents 
fell with their responses.  Collapsing the categories did provide better fit.  The graph is 
not as skewed to the left as in the first ICC.    
 Item fit is an important component of Rasch analysis.  Two common statistics to 
use in testing for item fit are the Infit Mean Square (IMS) and the Outfit Mean Square 
(OMS). The OMS is more sensitive to outliers.  Both are used because if one indicates fit 
in one area but not the other, the item requires closer investigation. Conquest also 
provides the transformed t-value which is the statistic used to determine the probability of 
the response occurring by chance.  All results are listed in Table 12.  The different 
analyses in total gives a more detailed picture of how well TSES items fit to the Partial 
Credit model.  The consensus among theorists, however, is to investigate the fit statistics 
rather than the corresponding t-values (Bond & Fox, 2008).  
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 The items on the TSES overall shows a reasonable fit utilizing both the infit and 
the outfit measures.  A measure of 1.0 fits the model perfectly.   Item 22 fell out of range 
on the infit measures.  Infit measures are normally utilized more so than the outfit since 
the measures are constrained and not as influenced by outliers in the data (Bond & Fox, 
2008; Curtis & Boman, 2007; Wilson, 2010).  Values significantly below 1.0 indicate 
redundancy in the item.  All the item estimates were below zero.  Item estimates are the 
level of difficulty of the items in logits.  The higher the values of the item, the more 
difficult the item.  All values were between -1.0 and 1.0 (non-inclusive).  These items 
were very easy to endorse based on these values.   
Person Fit Analysis 
 Person fit analysis was run through Winsteps.  ConQuest does not provide the 
capability to obtain specific person measures.  Two individuals obtained the maximum 
score possible and therefore were removed from the analysis. This is standard practice 
with Rasch modeling (Bond & Fox, 2007; Wilson, 2010).  The person reliability measure 
reported was an alpha of .91. 
 The overall infit mean for the respondents was 1.01 with a standard deviation 
(SD) of .55.  Looking at the table of individual responses showed that the majority of the 
respondents had fit within acceptable ranges of 0.77-1.40 (Bond & Fox, 2007).  A 
percentage of the respondents showed misfit that indicated their response patterns did not 
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Table 9 
TSES Infit/Outfit Measures 
 
Item 
Item  Unweighted Fit Weighted Fit 
Difficulty Error MNSQ T MNSQ T 
TSES1 0.165 0.009 1.04 0.4 1.06 0.7 
TSES2 -0.273 0.018 1.18 1.9 1.17 1.8 
TSES3 0.526 0.010 1.07 0.8 1.06 0.8 
TSES4 -0.429 0.002 0.95 -0.6 1.00 0.1 
TSES5 -0.336 0.021 0.89 -1.3 0.90 -1.0 
TSES6 0.200 0.009 1.01 0.1 1.01 0.2 
TSES7 -0.062 0.006 0.89 -1.3 0.88 -1.5 
TSES8 0.209 0.004 1.12 1.4 1.13 1.5 
TSES9 -0.318 0.012 1.23 2.5 1.25 2.2 
TSES10 -0.302 0.006 0.97 -0.3 0.97 -0.3 
TSES11 0.131 0.006 1.11 1.2 1.11 1.1 
TSES12 -0.148 0.017 1.08 0.9 1.19 1.7 
TSES13 0.751  1.07 0.8 0.98 -0.2 
TSES14 -0.466 0.004 0.95 -0.5 1.00 0.0 
TSES15 0.388 0.014 0.89 -1.2 0.92 -0.9 
TSES16 -0.037 0.008 1.01 0.1 0.95 -0.5 
TSES17 0.288 0.013 1.18 2.0 1.16 1.5 
TSES18 -0.792 0.013 1.13 1.4 1.18 1.4 
TSES19 -0.792 0.004 1.21 2.3 1.32 2.5 
TSES20 0.225 0.007 0.86 -1.6 0.90 -1.0 
TSES21 0.027 0.021 1.03 0.4 1.14 1.3 
TSES22 -0.180 0.017 0.68 -4.1 0.76 -2.4 
TSES23 0.503 0.004 0.85 -1.7 0.81 -2.2 
TSES24 0.722 0.047 1.02 0.2 1.04 0.4 
Note:  Acceptable range for Fit measures is 0.83-1.17 within the Conquest software. 
Other experts have said that acceptable ranges are from 0.7-1.4 for Partial Credit Models 
(Bond & Fox, 2008). 
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The pattern of responses these participants provided when completing the survey went 
against the overall patterning and did not fit the model.  Closer analysis was done on a 
sample of those respondents that had irregular patterns of responses or high person infit 
values.  Figure 12 exhibits the outfit values and pattern of responses for those 
respondents  with high outfit values.  A selection of elementary, middle, and high school 
teachers with high misfit values was compiled.  Secondly, the open-ended responses 
provided by the participants were analyzed to see if more information was revealed about 
the pattern of responses.  It is important to note that the information from this instrument 
applied to the general teaching context and efficacy levels of ability to work with students 
and help them achieve success. 
 When examining the selected qualitative data from the open-ended questions, 
several comments were revealing.  At the elementary level, one particular respondent 
with high misfit indicated that some elements that have intruded on maintaining high 
efficacy were increasing class sizes, and issues with disruptive students.  At the middle 
school level, a participant with high misfit expressed that being a special education 
teacher brought on many challenges that had the potential to impede success including 
the impaired cognitive abilities of students, and unrealistic expectations of meeting grade 
level requirements.  In addition, lack of family support at home, and students coming to 
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Figure 12.  TSES Irregular Person Fit Responses   
 
teacher’s capability. The information yielded by respondents provided no insight to the 
misfit of the sample of high school teachers.  The general consensus of the information 
from the open-ended questions was that participants felt they were good teachers and had 
standardized test results to prove that.   
TSES Threshold Analysis 
 The last level of analysis moves beyond the scale and items and examines the 
item responses and categories.  Classical Test Theory does not have methods available 
for investigating items at the individual response category level.  Rasch analysis does 
provide a way to look at how the response categories functioned.  Each response category 
was analyzed according to probabilities between categories.  Delta thresholds were used.  
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A delta threshold is the point on the scale where a respondent has an equal probability of 
endorsing either of the two categories the point separates.  Thresholds of this type do not 
have to have equal spacing between values but should show a low to high ordering (Bond 
& Fox, 2007: Curtis & Boman, 2007; Masters, 1999; Wilson, 2008).  Disordering can 
occur when not all the response categories provided are used by the respondent 
population or the respondents answer the questions in a way that does not to match their 
level of ability as determined by the PCM.  Table 14 shows the response thresholds for 
the TSES scale.  Note that some items have different numbers of delta thresholds.  This 
occurred because, as previously stated, the respondents utilized not all the categories 
provided when they completed the survey.  Deltas are provided equal to the number of 
steps in between the total number of categories used (K-1, where K is the number of 
categories used). 
 Several items on the TSES have disordered categories.   Every item has an initial 
value of 0.00.  Again, these values are the estimated logits (or efficacy levels) needed to 
endorse that particular category.   The disordering provides further evidence that the 
respondents utilized some response categories infrequently or not at all.  In addition, for 
all items, the disordering occurs for delta values 2-5.   It is also noteworthy that the delta 
values are very close together whether in an ordered or unordered sequence especially 
within the middle thresholds.  The thresholds are not well separated in this case.  The last 
threshold (upper value) for all the items has adequate separation from the preceding 









TSES Item Delta Thresholds 
 
Item  Delta Thresholds 
TSES1 0.00 -1.48 -1.37 0.27 0.25 1.15 2.17  
TSES2 0.00 -2.48 -0.03 -2.19 -0.17 0.00 1.32 1.63 
TSES3 0.00 -1.54 -0.21 0.72 1.47 2.19   
TSES4 0.00 -0.43 1.69 -4.54 -1.03 -0.90 0.70 1.49 
TSES5 0.00 -2.13 -0.50 -1.97 -0.35 -0.24 0.79 2.06 
TSES6 0.00 -1.88 -0.72 0.35 1.21 2.04   
TSES7 0.00 -3.08 -1.40 0.30 1.35 2.51   
TSES8 0.00 -2.13 -0.19 -0.02 1.49 1.89   
TSES9 0.00 -0.32 -0.69 -1.54 -1.42 -1.27 0.75 2.27 
TSES10 0.00 -0.49 -2.75 -1.06 0.52 2.28   
TSES11 0.00 -0.54 -1.34 -0.51 0.75 2.30   
TSES12 0.00 -0.01 -1.58 -1.47 -0.33 -0.49 0.86 1.99 
TSES13 0.00 0.75 -0.18 -0.26 1.30 2.15   
TSES14 0.00 0.72 -3.47 -1.32 -0.89 0.43 1.73  
TSES15 0.00 0.39 0.39 -0.67 -1.20 -0.09 1.44 2.46 
TSES16 0.00 -1.26 -1.65 -0.08 0.58 2.22   
TSES17 0.00 0.29 3.39 -4.53 -0.11 -0.36 1.12 2.21 
TSES18 0.00 -0.87 -2.56 -0.73 -0.24 0.43   
TSES19 0.00 0.59 -2.90 -2.62 0.65 -0.18 1.01  
TSES20 0.00 -1.01 -0.80 -0.33 0.73 2.54   
TSES21 0.00 -1.71 -1.19 -1.00 -0.75 -0.10 1.53 3.40 
TSES22 0.00 -0.18 -0.18 -1.62 -0.07 -1.74 0.57 1.96 
TSES23 0.00 -1.38 -1.06 -0.04 1.62 3.38   
TSES24 0.00 -0.99 -0.39 -0.13 1.80 3.33   
 
 The analysis thus far has investigated the TSES measurement instrument at the 
scale, item and person, and threshold levels.  Both Classical Test Theory and Rasch 
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modeling were utilized for comparison.  Threshold analysis is the only area where 
Classical Test Theory methods were not used, as they do not exist.  The next section 
moves on to the analysis of the Mathematics Teachers Efficacy Beliefs Instrument 
(Enochs et al., 2000).  The results will follow the same format and progression as was 
done with the TSES. 
MTEBI Scale Analysis 
Descriptives.  Standard means, deviations, and variance were analyzed using SPSS 
version 18.  The mean for the total population on the MTEBI was 7.5 with a standard 
error of 0.05  The responses were given on a 5-point scale raging from “strongly 
disagree” to “strongly agree.”  The items on this instrument were worded differently than 
from what Bandura (2006) suggested with using the word “can” in each statement.    
Items 3, 6, 8, 15, 17, 18, 19, and 21 were reversed scored at Enoch’s direction (2001) so 
that there were consistent values between positively and negatively worded items. Some 
examples of the items included for the Personal Efficacy factor are: 
1. I will continually find better ways to teach mathematic 
2.  Even if I try very hard, I will not teach mathematics as well as I will most 
subjects. 
3.  I know how to teach mathematics concepts effectively. 
Examples of items for the Outcome Expectancy factor include: 
1. When a student does better than usual in mathematics, it is often because the 
teacher exerted a little extra effort. 
2. When the mathematics grades of students improve, it is often due to their teacher 
having found a more effective teaching approach. 
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3. If students are underachieving in mathematics, it is most likely due to ineffective 
mathematics teaching. 
The complete instrument with all items is found in Appendix B.  All responses were 
analyzed because there was no missing data in the returned surveys. 
 Means for each level were also obtained.  The mean for the entire study sample 
was 4.05 with a standard error of 0.02.  The standard deviation for the whole group was 
.38 and a variance of .14.  Elementary teachers had a mean of 4.05 and a standard error of 
0.06.  The standard deviation for this group was .40 and the variance was .16.  Middle 
school teachers had a mean at 4.01 and a standard error of .12.  The standard deviation 
for the middle school teachers was 0.38 and the variance was .14.  Finally, the high 
school teacher mean was 4.07 with a standard error of .13.  The standard deviation was 
.27 and the variance was at .07.  Table 5 contains the complete data breakdown. 
 A t-test was performed on the data to provide information to answer the second 
research question on possible differences between levels of teaching.  As with the TSES 
analysis, the middle and high school teachers were combined into one group since this 
group has similar characteristics of teaching in an area for which they are an expert or 
have a degree.  No significant difference was found in teacher efficacy amounts between 
teaching levels.  Sample size for some subgroups was too small to perform t-tests or 
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Table 11. 
Mathematics Teachers Efficacy Beliefs Instrument Means by school Level, Gender, 
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Factor Analysis.  The MTEBI was also tested for construct validity through 
confirmatory factory analysis.  The initial study by Enochs et al. (2001) involved a two-
factor model that included a personal efficacy and outcome expectancy component.  In 
order to keep consistency, confirmatory factor analysis was performed on the current data 
set to see if two factors did in fact emerge.  The initial run put no restrictions on the 
number of factors.  The analysis showed five components with eigenvalues greater than 1 
with two components greater than 2.  The first component account for 26.6% of the 
variance, and the second component accounted for 13.95% of the variance.  The next 
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three components accounted for between 4-6% of the variance.  The scree plot (Table 13) 
indicated a sharp elbow at the third component.   
Figure 13.  Scree Plot for Unrestricted Factor Analysis of MTEBI 
 
 
 Item loadings were analyzed in order to determine whether individual items 
contributed to more than one factor.  With no restrictions, the items representing the self-
efficacy factor loaded on components 1, 3, and 5 with item 2 loading on component 4.  
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 Table 12 
MTEBI Factor Loadings for CFA with Varimax Rotation 
Scale Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 
MTEBI1OE .007 .325 .106 .632 -.095 
MTEBI2SE .352 -.043 .166 .639 .140 
MTEBI4OE  -.035 .487 .078 .607 -.015 
MTEBI5SE .784 .034 .009 .303 -.064 
MTEBI7OE -.359 .501 .180 .017 .421 
MTEBI9OE .126 .555 .188 -.154 -.350 
MTEBI10OE -.036 .649 .062 .198 -.076 
MTEBI11SE .799 .107 -.021 .078 .059 
MTEBI12OE .080 .697 .079 .068 .181 
MTEBI13OE .154 .724 -.005 .091 .251 
MTEBI14OE .178 .670 -.122 .141 -.094 
MTEBI16SE .668 .085 .022 .066 .381 
MTEBI20SE .374 .051 .022 -.006 .712 
MTEBI3SE .722 -.032 .132 .252 .047 
MTEBI6SE .346 .017 .564 -.205 -.031 
MTEBI8SE .704 .087 .150 .035 -.110 
MTEBI15SE .047 .073 .728 .226 -.015 
MTEBI17SE .742 .099 .223 -.102 .096 
MTEBI18SE .579 .053 .303 .018 .112 
MTEBI19SE .675 .066 .368 -.076 .333 
MTEBI21SE .231 .053 .611 .283 .073 
Note:  Factor loadings > .40 are in boldface.  PE = Personal Efficacy; OE = Outcome  
Expectancy. 
 
 A second run of the factor analysis limited the number of factors to 2 in keeping 
with the number of factors Enochs et al. (2001) found in their initial validation study of 
the instrument.   The results indicated that the top two factors accounted for the same 
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percentages of variance.  The scree plot was identical to that of the one created during the 
first analysis.   A Principal Component Analysis extracted the factors and rotation 
occurred after three iterations. 
 The factor loadings followed a similar pattern as Enochs et al. (2001).  They 
identified two factors that together make up the components of the Mathematics Teacher 
Efficacy.  The two factors are Personal Efficacy and Outcome Expectancy. Items 1, 4, 7, 
9, 10, 12, 13, and 14 were the items identified as Outcome Expectancy and the present 
analysis followed the same trend.  Items 2, 3, 5, 6, 8, 11, 15, 16, 17, 18, 19, 20, and 21 
were the specific items identified as Personal Mathematics Teaching Efficacy Belief.  
The same items loaded on the same factor expect for item 15.  Item 15 did not have 
strong loadings on either factor (0.264 an 0.263 respectively).  Table 13 compares each 
question and factor loading.  
 The reliability coefficient for the present analysis for the entire instrument was 
.77.  Enoch did not provide an alpha for the entire instrument.  The Personal Efficacy 
factor had a Cronbach alpha of .74 and the Outcome Expectancy factory had a Cronbach 
alpha of .86.  Enoch’s reliability alphas were .88 for the personal efficacy and .77 for the 
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Table 13 
Factory Loadings for Confirmatory Factor Analysis With Varimax Rotation of the 
Mathematics Teacher Efficacy Beliefs Instrument 




MTEBI1OE 0.70 .554 
MTEBI2SE .457 .218 
MTEBI4OE .033 .692 
MTEBI5SE .754 .086 
MTEBI7OE -.217 .534 
MTEBI9OE .089 .443 
MTEBI10OE -.021 .672 
MTEBI11SE .760 .063 
MTEBI12OE .127 .670 
MTEBI13OE .186 .687 
MTEBI14OE .120 .623 
MTEBI 16SE .681 .010 
MTEBI20SE .483 .050 
MTEBI3SE .746 .035 
MTEBI6SE .460 -.007 
MTEBI8SE .686 .055 
MTEBI15SE .264 .263 
MTEBI17SE .767 .029 
MTEBI18SE .650 .061 
MTEBI19SE .789 .048 
MTEBI21SE .425 .239 
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Rasch Analysis 
 As with the TSES, the initial step for scale analysis utilizing Rasch modeling was 
to create a construct map ranking the items on a high to low continuum.  This task again 
was completed with the assistance of the two member checkers and the researcher. The 
MTEBI construct map is sectioned by factor: Personal Efficacy and Outcome 
Expectancy. For each factor, the continuum has two sides.  The left side indicates low to 
high efficacy and the right side ranks the items according to difficulty to answer.  The 
more efficacious a respondent reports, the more questions he or she can answer 
“correctly” or endorse favorably. In other words, the respondent who endorses an item 
positively has a higher level of efficacy.  See Figures 6 and 7 for each Construct Map as 
delineated by factor: Personal Efficacy and Outcome Expectancy.  
Figure 14.  Construct Map for Personal Efficacy Factor on MTEBI 
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As with the TSES, the member checkers provided input into designing the construct maps 
for the MTEBI.  The first member checker noted that it was hard for her to rank the items 
in the Personal Efficacy section.  She ranked this section according to whether she 
believed most teachers would be likely to agree or disagree with the statement.  She also 
made a few adjustments based on whether she was thinking about elementary or 
secondary teachers and noted this distinction on her ratings.  The second member checker 
rated the items on a high to low continuum.  There were a few items she had notes on, 
including the first item- “I will not be very effective in monitoring mathematics 
activities.”  She noted that responding to that particular question assumes that the 
mathematics teacher responding to the item uses activities in the math classroom.  
Secondly, the item –“I will generally teach mathematics ineffectively” was questionable.   
Figure 15.  Construct Map for Outcome Expectancy Factor on MTEBI 
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She inquired as to how one could gauge this type of effectiveness to begin with.  Member 
checker 2 had more concerns with the Outcome Expectancy factor.  She stated that many 
teachers would think this factor is a “multivariable explanation of growth in the 
classroom.”  Lack of distinction for these items made it difficult for her to rank the items.  
For example, for the item “When a student does better than usual in mathematics, it is 
often because the teacher exerted a little extra effort,” (MTEBI instrument, 2000), she 
wondered what the basis for the comparison would be.  For the item “If students are 
underachieving in mathematics, it is most likely due to ineffective mathematics 
teaching,” she deliberated as to whether this meant the current teacher or teachers in the 
student’s past.  She wondered if her own definitions of some of the words in the items 
matched the intention of the item.  
Partial Credit Analysis 
 The Partial Credit model using one- and two-dimensional analyses was applied to 
the MTEBI data.  Both maps and items were compared in order to determine any 
differences in fit to the model.  As with the TSES map, the person abilities (or efficacy 
levels) are much higher than the item difficulties (likelihood of endorsing the item 
positively) for the unidimensional map (see Figure 5).  Seven items fell below all the 
respondents and included items 2, 8, 11, 16, 19, and 20.  Item 16 was the lowest in terms 
of difficulty.  About 25% of the respondents were above what was considered the most 
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Figure 16.  MTEBI One-Dimensional Construct Map	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   
MAP OF LATENT DISTRIBUTIONS AND RESPONSE MODEL PARAMETER ESTIMATES 
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 The construct map in Figure 6 represent the two-dimensional analysis of the items 
and respondents.  Items were delineated according to the factors Enochs et al. (2000) 
found in their validation study of the instrument. 
Figure 17.  Latent Distribution Two Dimensional Map 
MAP OF LATENT DISTRIBUTIONS AND RESPONSE MODEL PARAMETER ESTIMATES 
        Dimension      Terms in the Model (excl Step terms) 
-------------------------- 
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 The latent distribution map above compares the responses with the items on a 
high to low continuum for each dimension or factor.   Items 1, 2, and 4 were the easiest 
items to endorse.  Endorsing these items favorably did not require a high level of 
efficacy.  Item 12 had a higher level of efficacy compared with most items.  Item 7, “If 
students are underachieving in mathematics, it is most likely due to ineffective 
mathematics teaching” was the most difficult item to endorse favorably.  Additionally, 
over 50% of the respondents had levels above even item 7, which is the most difficult on 
this continuum. 
 All items fell between  -1.0 to 5.0 logits for the Self Efficacy factor and -1.0 to 4.0 
logits for the Outcome Expectancy factory. The vast majority of respondents had ability 
levels much higher than the item difficulties.  None of the respondents fell below any of 
the items indicating that the entire sample had ability levels high enough to positively 
endorse the items.  The variance for the unidimensional model was 23.06 while the 
variance for the two-dimensional model was 55.56.  The variance increased when the 
data was analyzed from the two dimensional standpoint.  This increase indicated that 
using the two dimensional model did not improve the overall fit to the model.   
 The following figures represent the MTEBI according to each dimension (factor) 
and correlating items.  The first map in Figure 18 showed the distribution of persons and 
items for the Personal Efficacy factor.  As with all the other maps, this map provided a 
visual of how the respondents compared with the items and vice versa.  The participants 
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Figure 18.  Latent Distribution Map for Personal Efficacy 
MAP OF LATENT DISTRIBUTIONS AND RESPONSE MODEL PARAMETER ESTIMATES 
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The second next figure (Figure 19), shows the results for the Outcome Expectancy factor.  
Item 7 was the most difficult to responded to favorably.   
Figure 19.  Latent Distribution Map for Outcome Expectancy 
 
MAP OF LATENT DISTRIBUTIONS AND RESPONSE MODEL PARAMETER ESTIMATES 
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 The instrument in its entirety was also studied through the scale summary 
statistics.  Rasch analysis provides several different ways of demonstrating the quality of 
the instrument and the adequacy of measurement.  The following table describes the 
summary statistics for the MTEBI as a whole and also each dimension, Personal Efficacy 
and Outcome Expectancy.   
Table 14 









Number of Items 21 12 9 
Number of Respondents 263 263 263 
Response Options 5 5 5 
Cronbach Alpha 0.83 0.74 0.86 
Person separation index 0.360 0.767 0.875 
Mean Person Score 0.46 2.151 0.454 
 
 A dimension covariance correlation matrix was created and there was no 
correlation between dimensions.  Personal Efficacy correlated with Outcome Expectancy 
at a value of .32.  Outcome Expectancy correlated with Personal Efficacy at a value of 
.45.  The two constructs were weakly correlated. 
 Mean statistics for each group were determined next.  Table 15 provides the 
scaled means for each group (school level, gender, and highest degree).  Ethnicity again 
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A similar pattern occurred with the group means as did with the TSES.  Elementary 
teachers had a higher efficacy than the middle/high group.  Females had a higher mean 
than males.  Masters and specialist degrees had higher efficacy measures than the 
bachelor or doctorate group. T-tests performed did not indicate any significant difference 
between groups.  Sample size for each group did contribute to the analysis findings where 
some groups had smaller numbers than analysis could accurately investigate. 
Item and Person Analysis of the MTEBI 
 In the following section, the MTEBI is analyzed at the item and person level.  
Response distributions, item/total correlations, and Cronbach alphas were determined 
using CTT.  The complete breakdown of the data can be found in Tables 12 and 13.  All 
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item analysis was determined from the Partial Credit Multidimensional model because 
that scale had the best overall fit to the model.   
 First, the distribution of response categories was examined.  The lowest category 
for this instrument was either used very infrequently or not at all, except for Item 7.  The 
distribution of the responses for this item is almost opposite the response patterns for all 
the other items.  There is also no overall pattern to the response in comparison.  
Categories 4 and 5 were utilized more often on each item. 
 Item-total statistics showed varying correlations for item-totals.  Items 5, 11, 13, 
17, 18, and 19 had the strongest correlations to the overall mean score.  These items were 
all fell under the Personal Efficacy factor.  All the Outcome Expectancy items had low or 
very weak correlation to the totals.  The alpha values also provided further information.  
If item 7 were removed from the instrument, the overall Cronbach alpha would improve 
from .83 to .84.  The rest of the alphas, as indicated in Table 17, contribute to the overall 
















Response Distribution for MTEBI 
Item 1 2 3 4 5 
MTEBI1OE 1 24 62 144 32 
MTEBI2SE 1 1 1 92 168 
MTEBI4OE 1 11 57 153 41 
MTEBI5SE 2 4 12 148 97 
MTEBI7OE 17 126 64 52 4 
MTEBI9OE 1 24 53 162 23 
MTEBI10OE 0 15 40 169 39 
MTEBI11SE 2 2 7 102 150 
MTEBI12OE 1 37 47 157 21 
MTEBI13OE 1 34 61 142 25 
MTEBI14OE 0 23 51 151 38 
MTEBI16SE 0 0 2 113 148 
MTEBI20SE 2 0 4 84 173 
MTEBI3SE 8 17 15 107 116 
MTEBI6SE 6 16 5 153 83 
MTEBI8SE 1 6 7 80 169 
MTEBI15SE 3 11 14 142 93 
MTEBI17SE 2 15 18 108 120 
MTEBI18SE 9 21 10 125 98 
MTEBI19SE 1 1 7 132 122 
MTEBI21Se 4 16 36 146 61 
Note:  1 = Strongly Disagree; 2 = Disagree; 3 = Uncertain; 4 = Agree; 5 = Strongly 
Agree; Items 3, 6, 8, 15, 17, 18, 19, and 21 were reverse scored due to the negatively 
worded items. 
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Table 17. 







MTEBI1OE .303 .830 
MTEBI2SE .422 .826 
MTEBI4OE .348 .828 
MTEBI5SE .567 .819 
MTEBI7OE .087 .842 
MTEBI9OE .261 .832 
MTEBI10OE .302 .830 
MTEBI11SE .557 .820 
MTEBI12OE .403 .826 
MTEBI13OE .462 .823 
MTEBI14OE .371 .827 
MTEBI16SE .473 .825 
MTEBI20SE .341 .828 
MTEBI3SE .527 .819 
MTEBI6SE .316 .830 
MTEBI8SE .501 .822 
MTEBI15SE .316 .830 
MTEBI17SE .557 .818 
MTEBI18SE .478 .822 
MTEBI19SE .605 .819 
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Infit and Outfit Item Analysis 
 Like the TSES, analysis of fit was investigated on the MTEBI.   Table 18 lists and 
compares both infit and outfit mean square measures.  There are a few observations 
worth noting.  First of all, items 14 and 18 had under-fitting values and indicate that the 
observed variance for these items is much less than expected.  Comparison of these 
values with the outfit measures for the items confirms that this item had some erratic 
response patterns.  Item 1, on the other hand, had a large degree of over-fitting.  The 
other items all had acceptable infit values. The items on the MTEBI experienced a high 
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Table 18 

















MTEBI1OE -0.794  1.08 0.9 1.07 0.8 
MTEBI2SE -0.804  1.02 0.3 1.04 0.4 
MTEBI4OE 0.615  1.03 0.3 0.96 -0.4 
MTEBI5SE -0.981 0.007 0.94 -0.7 0.93 -0.8 
MTEBI7OE 0.051  0.84 -2.0 0.83 -1.7 
MTEBI9OE 0.676  1.48 4.8 1.21 1.8 
MTEBI10OE 2.218  1.35 3.7 1.17 2.0 
MTEBI11SE -0.600 0.004 1.04 0.5 0.93 -0.5 
MTEBI12OE -0.679 0.005 1.19 2.1 1.14 1.5 
MTEBI13OE -0.109  0.97 -0.4 0.96 -0.4 
MTEBI14OE -0.119 0.009 0.94 -0.6 0.79 -2.0 
MTEBI16SE 0.968 0.004 1.00 0.1 1.00 0.0 
MTEBI20SE -0.737  0.85 -1.7 0.86 -1.8 
MTEBI3SE 0.114  0.99 0.0 0.97 -0.4 
MTEBI6SE 0.335 0.003 1.61 5.9 1.49 4.0 
MTEBI8SE -0.683  0.91 -1.0 0.86 -2.0 
MTEBI15SE 0.079  0.86 -1.6 0.85 -1.5 
MTEBI17SE 0/790  1.29 3.1 1.08 0.8 
MTEBI18SE -0.528 0.009 0.65 -4.6 0.71 -3.4 
MTEBI19SE -0.630  1.16 1.7 1.16 1.4 
MTEBI21SE 0.818 0.019 1.43 4.4 1.27 2.7 
Note:  Acceptable ranges for fit measures are 0.83-1.17 within the Conquest software. 
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Person Fit 
 Person fit on the MTEBI had a large amount of variability in scores and many 
persons fell outside acceptable ranges for Infit and Outfit scores.  14% (n=36) of the 
respondents fell outside of acceptable ranges above 1.4 and 37% (n=98) had values below 
the 0.7 threshold of acceptable range.  A sample of respondents was filtered out 
according to the most misfitting responses (according to the model).  A selection of these 
respondents at al levels: elementary, middle, and high school were examined more 
closely.  In addition, the responses to the two-open ended questions were analyzed to 
determine whether that provided a more detailed explanation for the unexpected pattern 
of responses.  Figure 19 shows the entire table of most misfitting responses.   
 The highest misfitting response came from one elementary teacher.  The 
respondent is a special education teacher and instructs math in a co-teaching 
environment.  According to the open-ended question responses, math is not her subject of 
strength and she is required to teach math.  She does not teach the subject by choice.  A 
middle school teacher whose responses fell on this spectrum is also a special education 
teacher in an Emotional Behavioral Disorder classroom.  The highest misfitting high 
school teacher has instructed at a very high level (advanced placement classes) and for 
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Figure 19.  MOST MISFITTING RESPONSE STRINGS 
 
OUTMNSQ  |ITEM 
         |  1  1121112111    1 
         |712535407981603246819 
      high--------------------- 
   8.71 A|...1122212..54544.444 
   7.75 B|.2.22..2.2........5.4 
   5.44 C|.1..11.........5..... 
   5.13 D|3.422................ 
   3.72 E|3..33...2..2......... 
   3.25 F|...32................ 
   2.48 G|...33..2.2........... 
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MTEBI Threshold Analysis 
 Like the TSES, the MTEBI was analyzed at the response category level utilizing 
Rasch methodology.  Again, CTT does not provide a method for determining how items 
function at the response category level.  Therefore, only the Rasch methods were used in 
determining how well the response categories functioned within each item.  Delta 
thresholds were used.  These thresholds are allowed to vary within the PCM.  The 
thresholds were analyzed for disordering and non-discrete values. 
 The MTEBI item response categories in several of the items showed disordering 
between categories and also had threshold values that were not distinct.  Each item had a 
different pattern of disorder.  There were no commonalities between items as to how the 
response categories functioned.  The values for the categories were distinct in that there 
was separation between each threshold.  The last value was significantly higher than the 
rest of the response categories by a large margin. The separation was unordered until the 
last threshold. 
  This chapter summarized all the findings of the two instruments used in the study 
and contributed to answering the two research questions guiding the inquiry.  Both 
instruments were analyzed using both CCT and Rasch modeling analyses.  Each 
instrument was analyzed at the instrument, item, and threshold level.  Only Rasch 
modeling was used at the threshold level because there is no available way to analyze at 
the response category level using CCT methods.  Group statistics were also investigated 
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Table 19 
MTEI Delta Thresholds 
Item Delta Threshold 
MTEBI1OE -3.09 -1.25 -0.56 2.52 
MTEBI2SE 0.14 -0.27 -3.63 1.35 
MTEBI4OE -0.75 0.87 -0.55 2.28 
MTEBI5SE -2.31 -2.07 -0.80 2.24 
MTEBI7OE -0.67 -0.73 -1.24 2.80 
MTEBI9OE -0.97 -1.86 -1.98 3.12 
MTEBI10OE 0.00 1.12 1.19 4.35 
MTEBI11SE -1.74 0.10 -1.40 1.24 
MTEBI12OE -3.09 -1.11 -0.83 3.00 
MTEBI13OE 0.00 -1.42 -1.28 2.37 
MTEBI14OE 0.00 -0.40 -1.64 1.68 
MTEBI16SE 0.00 -1.26 3.20  
MTEBI20SE 0.00 -4.87 -0.14 2.80 
MTEBI3SE 0.00 -1.14 -0.85 2.34 
MTEBI6SE -1.28 0.36 -0.94 2.87 
MTEBI8SE 0.00 -0.68 -3.14 1.77 
MTEBI15SE -1.98 0.46 -0.45 2.21 
MTEBI17SE -0.84 1.54 -1.04 2.71 
MTEBI18SE -0.21 -1.81 -1.85 2.29 
MTEBI19SE 1.95 -2.90 -2.16 1.21 
MTEBI21Se -1.38 0.00 0.22 3.61 
 




CHAPTER V:  DISCUSSION 
 
 The purpose of this study was two-fold.  First, the study entailed a comparison of 
teacher efficacy levels of elementary, middle, and high school teachers using two pre-
existing instruments to see if differences existed with teachers across levels.  Secondly, 
the study examined the strength of the existing instruments to measure teacher efficacy 
by utilizing both Classical Test Theory and Item Response Theory (specifically, the 
Rasch model) analyses.  This study utilized the Teacher Sense of Efficacy Scale 
(Tschannen-Moran et al., 2001) and the Mathematics Teacher Efficacy Beliefs Inventory 
(Enochs et al., 2000).  The TSES was used because it is based on the theoretical 
foundations of Bandura’s social cognitive theory and is intended to measure aspects of 
teaching efficacy that span across all subjects.  The MTEBI was used because it is the 
only existing instrument that specifically examines mathematics teachers’ efficacy.  This 
instrument was developed combining two aspects of Bandura’s theory, self-efficacy and 
outcome expectancy.  Bandura (1997) claimed that these two constructs are theoretically 
distinct from one another.  Combining items from both precepts provided an interesting 
angle on how the measurement quality held during the analyses.  
 First, the existing the literature on teacher efficacy and its documented predictor 
of other qualities important in education such as achievement, motivation, and leadership 
was reviewed.  Secondly, an overview of measurement theory was discussed focusing on 
how constructs are measured in the social sciences including an in-depth coverage of 
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current measurement techniques through Classical Test Theory and Rasch measurement.  
Last, the history of teacher efficacy measurement was explored and challenges and 
discrepancies of the current instruments used to measure teacher efficacy were 
considered.  This chapter summarizes the study research questions and findings.  The 
study results are evaluated and CCT and Rasch methods are compared.  This chapter will 
conclude with implications and possible directions for future research in the area of 
teacher efficacy.   
 The study was framed by the following two research questions:   
 Research Question 1.   Do both the Teacher Sense of Efficacy Scale (TSES) and 
the Mathematics Teacher Efficacy Beliefs Inventory (MTEBI) prove to be both valid and 
reliable using Item Response Theory analysis? 
 1.a.  Sub-question:  Are there differences in analysis using both Classical          
Test Theory methods and Item Response Theory (Rasch) methods? 
 Research Question 2.  Do differences exist in levels of teacher efficacy for math 
teachers at the elementary, middle, and high school levels?  Do differences exist in levels 
of teacher efficacy for math teachers based on years of experience? Do differences exist 
in levels of teacher efficacy for math teachers by highest degree obtained?  Do 
differences exist in levels of teacher efficacy for math teachers by ethnicity? 
 In order to answer the first research question, analyses of both instruments were 
completed utilizing both Classical Test Theory tenets and Rasch modeling.  Both of the 
instruments were investigated at the scale, item and person, and threshold levels.  
Discussion of the results will be articulated by instrument and at the aforementioned 
levels.  In its entirety, this study illuminated some detailed results about two current 
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measurement instruments available for teacher efficacy and focused on the efficacy 
beliefs of mathematics teachers.  Discussion will begin with the TSES. 
Discussion of the Teacher Sense of Efficacy Scale 
 At the scale level, analysis focused on how well the instrument worked to 
measure teacher efficacy.  It is important to note that the items on this instrument focused 
on beliefs about capabilities in general aspects of teaching.  The items investigated 
efficacy beliefs about teaching in general regardless of what subject(s) were taught.  For 
this study, participants were asked to rate their efficacy beliefs within the context of 
teaching mathematics.  This point was stipulated more so for elementary teachers in the 
survey instructions, many of who taught a range of subjects.    
 The TSES proved to be reliable in terms of alphas and valid in terms of the 
confirmatory factor analysis results. The TSES had factor strong loadings for each of the 
three factors.   Alphas are standard measures of reliability in CCT.  Confirmatory factor 
analysis is a commonly used measure for validity in CCT.  The results from this study 
were similar to those found by Tschannen-Moran et al. (2001).  The majority of the 
participants had higher efficacy as interpreted by the means of their raw scores.  The 
Rasch analysis also highlighted the large level of efficacy from the Wright map.  
However, the Wright map provided more information with the direct comparison of the 
items and respondents.  The respondents’ efficacy, in general, was very high as seen in 
the distribution of person scores on the Wright map.  Most levels of efficacy, as 
determined by the logit score, were higher than the difficulty (amount of efficacy 
required to favorably endorse) of all the items.  The comparison of the Wright maps to 
the initial construct maps developed for the study showed similarities with some items.  
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Items 18 and 23 were determined by the member checkers to be more difficult to endorse 
favorably and the Wright maps also indicated that these two items had a higher level of 
difficulty.  The Wright map also showed these items with the responses.  Here it was 
clear to see that although these items had a higher level of difficulty in comparison with 
the other items, overall, the items had low difficulty values.  The items did not require a 
high level of efficacy to endorse favorably. 
 The three factors of Students Engagement, Classroom Management, and 
Instructional Strategies had strong correlations with one another in both CCT and the 
Rasch Model.  This supports the claim by Bond and Fox (2008) that if factors work 
together then the unidimensionality of a construct, such as teacher efficacy, will hold.  
These three factors do describe the bulk of what teachers do in the classroom on a daily 
basis.  It would support then, that teacher efficacy can be considered a unidimensional 
construct.  Unidimensionality is an important tenet of the Rasch model.  Bond and Fox 
(2007) and Wright (1977) both indicated that the interpretation of person ability and item 
difficulty will only have meaning if the items developed contribute to one underlying 
latent trait.   
 The scaled scores of respondents derived under the PCM and using the 
multidimensional framework had values ranging from 0.370 to 1.408 logits.  Sample 
sizes contributed to the results.  The male, bachelor degree, and doctorate groups had 
sizes of 41 or fewer.  Bond and Fox (2007) stated that “empirical results such as these, 
derived from small and restricted samples, hardly can do more than point the way to the 
undoubted promise of larger scale investigations” (p. 139).  Crocker and Algina (2008) 
suggest that samples sizes between 100 and 200 are sufficient.  Others such as Wright 
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and Stone (1979) suggest 200 respondents.  Theorists agree that sample sizes of 100-200 
(including individual groups) provide more accurate results (Bond & Fox, 2007; Crocker 
& Algina, 2008; Wright, 1977).  The small sample sizes in some groups in this study are 
less than ideal and warrant further investigation to see if the findings hold true with 
adequate samples.  At the same time, the Rasch model develops sample-independent 
results by taking the raw scores and transforming them to values defined by the 
probabilistic mode (Bond & Fox, 2007; Wilson, 2010).  Therefore, the results in this 
study are valid as defined by the Rasch model.  Further investigation using larger sample 
sizes would strengthen the meaning of the values obtained in analysis.   
 The frequency distribution obtained during the Classical Test Theory analysis 
revealed that the participants did not utilize all the categories provided on the instrument.  
This could indicate that nine categories of responses might not be needed.  Bond and Fox 
(2007) stated that “infrequently used categories often indicate unnecessary or redundant 
categories” (p. 223).  Linacre (1999a) recommended that the minimum number of 
responses in each category to be 10.  Respondents in the present study utilized the higher 
response categories much more frequently.  Several categories on many of the items had 
response frequencies less than10.  This also caused the entire distribution to be skewed to 
the right.  The lower categories were not used and provided further evidence that the 
items on the TSES possibly do not have the strength to determine differing levels of 
efficacy.  The activities describe in the items might be too general.  Teachers in this study 
had mastery experiences with these activities, enough so that it warranted high self-
efficacy ratings. 
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 Under CCT, all the items contributed to the overall alpha of the measurement 
instrument.  This analysis demonstrated that the removal of any item would not enhance 
the overall reliability of the instrument indicating that the items performed well and 
contributed to the overall measurement reliability.  Additionally, each item correlated to 
the total average mean at levels between .49 and .67. The Classical Test Theory 
indicators of item/mean correlations and item removal alphas supported the reliability of 
this instrument. 
 The Rasch analysis also provided information about how well this each item on 
the scale measures teacher efficacy.  For this group of in-service teachers, the items that 
made up the scale did not tap into discrete levels of efficacy and were unable to 
distinguish levels of efficacy.  Even previous studies (e.g. Knoblauch & Woolfolk Hoy, 
2008; Tschannen-Moran et al., 1998;) with pre-service teachers obtained results where 
the efficacy levels in general, were high.  The clustering indicated on the step maps 
showed similar patterns and there is no meaningful way to distinguish between those 
respondents that are highly efficacious from those that are only moderately so.  The 
results from the present study did not exemplify a total continuum where respondents’ 
level locations spanned a continuum on the step map.  The items provided redundant 
information.  Rasch analysis did distinguish between somewhat lower and highly 
efficacious respondents.  The non-use of the lower categories is also of importance.  
Items should concisely measure teacher efficacy across the entire continuum.  The 
majority of the respondents were highly efficacious and only utilized one or two response 
categories to describe their level of efficacy which were the “higher to highest” response 
categories.  In addition, the values of difficulty (amount of efficacy required to endorse 
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favorably) are low and indicated that the items were easy to endorse favorably.  The 
balance between generality and specificity is challenging.  Items cannot be so specific as 
to not provide meaningful information about a population.  The items cannot be so 
general that everyone responds to the items with the same pattern.  The items on the 
TSES migrate more to the very general side.  The items do not differentiate enough 
between respondents to determine what activities require more efficacy than others.  
Improvement of the scale would require developing items that further distinguish 
respondents on an efficacy continuum.  One way to achieve this is to tap into the sources 
of efficacy as described by Bandura (1997), especially mastery experiences which are the 
more powerful source of establishing efficacy beliefs.  Classical Test Theory does not 
have the means of analyzing items on an instrument through the response categories 
provided for each item.     
 The results from CCT suggest that the TSES is a reliable and valid instrument.  
The Cronbach alpha and item/total correlations support that the Standard Error of 
Measurement (SEM) is small and that each item contributes to the overall reliability.  
Each factor (e.g. Student Engagement, etc.) contributed to the overall alpha indicating 
that each factor contributes to the overall measure of teacher efficacy as defined by this 
instrument. 
 The Rasch analysis, however, suggested that the instrument is too simple for 
highly efficacious teachers.  Experienced teachers found the items easy to endorse and 
the scale did not do an adequate job of distinguishing those at the higher end of the scale 
or provide information on teachers with lower efficacy.  The items also did not contribute 
to an overall continuum.  Rather, the items clustered together.  The items themselves do 
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illustrate many different activities that are common to all teachers.  Experienced teachers 
may have had many mastery experiences in these areas, which could indicate why the 
general wording of the items contributed to the clustering at the high end of the 
continuum.  The response categories were disordered and congested.  In addition, 
teachers that did not have mastery experiences related to these areas (at least not positive 
ones) more than likely are no longer in the classroom.  It is well documented (e.g. 
Darling-Hammond, 2010) that many teachers, if they are going to leave teaching, do so 
within the first five years of teaching.  Factors that contribute to this attrition include 
stress over high-stakes testing, teaching in schools lacking supplies and materials, and 
instructing in environments where students come from low socio-economic backgrounds 
(Darling-Hammond, 2010).  New teachers attempting to form positive mastery 
experiences in conditions such as these find that the opposite occurs.  The combinations 
of negative experiences in the classroom with the outside environment influences 
produce a low level efficacy for teachers.  Lack of support and challenging teaching 
conditions at the onset of their careers contribute to the exodus of teachers during the first 
years of teaching (Darling-Hammond, 2010).  Reliability indices under the Rasch model 
of item fit and the item characteristic curves (ICC’s) supported the lack of clarity with the 
items.   
MTEBI Discussion 
 The MTEBI incorporated two factors (or dimensions) that were intended to be 
scored separately.  The factors are Personal Mathematics Teaching Efficacy and Outcome 
Expectancy.  In distinguishing the differences between these two dimensions, Bandura 
(1997) stated that “Perceived self-efficacy is a judgment of one’s capabilities to organize 
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and execute given types of performances, whereas an outcome expectation is a judgment 
of the likely consequences such performances will produce” (p. 21).  Cronbach alpha 
statistics for each factor indicated fair reliability and validity.  The alphas were not as 
high as that of the TSES.  
 Confirmatory factor analysis verified that both intended dimensions existed in the 
instrument and were distinct.  This instrument was used with in-service teachers whose 
experience ranged from 1-30 years.  Although this instrument was initially designed for 
use with pre-service teachers and the validation study utilized pre-service teachers, the 
items do pertain to activities and beliefs of in-service teachers as well.  Additionally, it is 
the only mathematics teacher efficacy instrument published to date.   
 The Rasch analysis also supported that the two dimensions measured are distinct 
and have a very weak correlation.  Confusion could arise if one used this instrument in its 
entirety as one scale or did not distinguish that the instrument was measuring two 
different dimensions.  The title of the instrument also could possibly cause some 
confusion.  The title implies that the scale measures efficacy of mathematics teachers.  
There is no mention of outcome expectancy, which, as stated earlier, is a different 
construct. 
 Rasch analysis, as for the TSES, provided information on how the respondents 
compared with the items through the Wright map.  As was also the case with the TSES, 
overall the respondents had much higher levels of efficacy than the instrument could 
adequately measure.  The items did not tap into areas that could distinguish efficacy 
detailed levels of in-service teachers distinctly from one another.  Many respondents had 
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high logit values that indicated (and based on their response patterns) the items were 
fairly easy to endorse positively other than item 7. 
 Item/total correlations were low for the MTEBI.  The items were written in a 
different format from the TSES and did not specifically inquire about capabilities, as 
Bandura (2006) indicated should be the case when creating efficacy scales.  The TSES 
used the word “can” in each item as was suggested by Bandura (2006).  The MTEBI did 
not have any common stem such as this for each item.  Additionally, some items were 
purposely worded negatively and had to be reversed-scored.  Interpretation of words in 
the items had potential to elicit different responses.  Therefore, the items did not 
necessarily tap into the level of efficacy required to endorse the item favorably or 
unfavorably.  Other traits may have been utilized when responding to the items.  
 Item 7 also was problematic.  The analysis showed that removal of that item would 
increase the overall Cronbach alpha of the instrument.  The member checkers also 
expressed concerns with wording on some items.  They did not believe that some items 
were clear enough to warrant consistent responses from participants.  This suggests that 
the addition or rewriting of many of the items might produce a more effective instrument.   
 The fit of the items under Rasch analysis revealed that there were inconsistencies 
in response patterns of respondents and also disordering of threshold (steps between 
response categories) levels on individual items.  A commonality of respondents with 
irregular response patterns was that they were special education teachers.  This also held 
true with the TSES.  Teachers in the special education arena are involved in a different 
set of experiences than teachers in regular classrooms.  The MTEBI did not contain items 
that this group of respondents was able to answer with any consistency.   New items 
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would need to be developed focusing on experiences in the special education 
environment with mathematics in order to measure this particular type of teachers’ 
efficacy beliefs.  Teacher efficacy, as a type of self-efficacy, is context specific (Bandura, 
1997).  The special education environment for mathematics teachers differs greatly than 
the regular education classroom environment.  Instruction in the special education 
environment is more individualized and there is much more variety of student differences 
and challenges that must be addressed with instruction.   
Differences in Teacher Efficacy for Mathematics Teachers 
	   There was a significant difference in teacher efficacy between elementary and 
middle/high school teachers on the TSES.  The difference was indicated through the raw 
score averages under CCT.  Elementary teachers also had a higher raw score mean on the 
MTEBI than for the middle/high group though significance was not obtained. This 
difference between elementary and middle/high school mathematics teachers was also 
supported in the Rasch analysis.  Overall scaled scores were higher for elementary 
teachers than the middle/high group on both the TSES and MTEBI under the Rasch 
model.  Elementary teachers had a higher overall level of efficacy in comparison.  
Reasons for this might include that elementary teachers are more sheltered, are teaching 
concepts at a more concrete and lower level, and have more uses and opportunities to use 
manipulatives in the classroom (Midgley, Anderson, & Hicks, 1995).  Middle and high 
school teachers have students entering the classroom with set behaviors and attitudes 
many times.  Additionally, student gaps in mathematical knowledge are harder to 
overcome this late in the schooling experience.  Concepts such as decimal and fraction 
operations continue to be an area that students have not developed proficiency even at the 
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high school level (National Governors Association Center for Best Practices, Council of 
Chief State School Officers, 2010; NCTM, 2000).  These all are possible reasons for why 
the efficacy levels for middle and high school teachers was lower in comparison to the 
elementary teachers. 
 Although significance was not supported under CCT, the TSES and MTEBI 
analyses demonstrated that teachers with higher degrees correlated with higher efficacy 
levels when using the raw score means.  This was not evident when examining the scaled 
scores under the Rasch analysis.  There were differences between those with bachelor 
degrees compared with masters and specialist degrees.  Respondents with doctorates did 
not show higher scaled scores.  It must be noted however, that this group only answered 
with the highest three categories on the TSES and highest two categories on the MTEBI.  
The thresholds and item difficulties were determined using the response categories the 
participants utilized.  The sample size was small (N=9) and therefore more investigation 
is warranted.   
 The results from this study have shown that use of Rasch analysis does provide 
more information about the measurement qualities of the TSES and MTEBI.  Classical 
Test Theory analysis did show consistent results with the previous studies from the 
authors of the instruments.  Additionally, for those studies that reported reliabilities, the 
results are consistent as well.  The MTEBI has not been used in many studies since it was 
developed.  The addition of Rasch modeling analysis in this study exposed aspects of 
inconsistencies at the scale, item, and threshold level that could not have been obtained 
with only Classical Test Theory measures.  Respondents had a harder time answering the 
items with a level of consistency that fit with the Rasch model.   
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 Another factor worthy to note is that the items on the MTEBI do not address 
capabilities of teaching mathematics in the present reform era.  Meaningful data could be 
obtained by developing an instrument that specifically investigates the efficacy levels of 
mathematics teachers with respect to instructing with performance-based standards.  
Results could inform policy and professional development for teachers.  Studies should 
also reexamine the correlation between teacher efficacy and student achievement in that 
studies that found that result are now dated (e.g. Ashton & Webb, 1986).   
 Preliminary findings from this study indicate that differences exist in efficacy 
levels for elementary and middle/high school teachers. This occurred was confirmed with  
CCT.  Elementary teacher efficacy was higher than for the middle/high school teachers.  
This difference was documented under both CCT and the Rasch model.  Reasons for this 
discrepancy should be explored in order to understand the needs of the teachers in these 
different environments.  This again could inform policy, leadership, and professional 
development needs of teachers. 
Limitations 
 There are limitations to this study that are important to note.  First, this study used 
pre-existing scales that limited what could be investigated by the items supplied on the 
instrument.  Secondly, the MTEBI was initially designed for pre-service teachers and the 
initial validation study was completed using pre-service teachers.  The alphas and other 
construct validity measures reported in this study were in line with the results of the 
initial validation study.  It cannot, however, be concluded that this scale behaved the 
same for the in-service teachers in the current study as those pre-service teachers in the 
initial study completed by Enochs et al. (2000) even though the items spoke to 
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experiences and beliefs all math teachers have or have contemplated.  Uses of CCT 
measures indicate results that are both sample and population dependent (Crocker & 
Algina, 2008).  Further investigation is warranted before any conclusions can be drawn. 
 Another limitation concerns the data analysis.  The analysis was limited to the 
self-reported surveys.  The possibility exists that respondents answered the items 
according to what they want to believe about their capabilities rather than where they 
believe they actually are at the time the survey was administered.  Additionally, the only 
other source of data came from the open-ended questions at the end of the survey.  
Additional measures such as interviews and observations could add more insight to what 
was found in the data obtained.  Interviews with participants with irregular response 
patterns found with the Rasch analysis have the potential to shed more light on what each 
participant was thinking when they answered the items on the survey. 
 Third, the small group sizes limited the amount of analysis for both CTT and 
Rasch modeling.  Comparisons between groups and detection of bias could therefore not 
be completed in particular for gender and ethnicity.  The analysis was also limited for the 
bachelor and doctorate groups due to small sample sizes.  The results from the Rasch 
analysis could indicate a possible trend that higher efficacy correlates with earning a 
higher degree.  The analysis from the current study showed that efficacy increased with 
degree level until the doctoral level.  Here the small sample size of teachers with doctoral 
degrees contributed to the results, coupled with the fact that the doctoral respondents only 
used the upper two response categories when completing each instrument.  A larger 
sample size would be required to further explore the correlation between efficacy level 
and degree.  it should be noted that the overall population of the sample was White, 
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female, and taught in a suburban environment.  This sample does not translate to the 
larger population of teachers both here in the United States and internationally.  Rasch 
analysis is population independent which is not the case for CCT.  This analysis 
supported that those with higher efficacy also have higher degrees.  Further investigation 
is warranted before conclusions could be drawn. 
Future Research 
 This study demonstrated that the Rasch measurement model provided valuable 
information when measuring teacher efficacy.  The values obtained from this analysis are 
both sample and test independent.  There is an abundance of information available that 
CTT alone cannot support that can be discovered using Rasch modeling as was evidenced 
by the results from the present study.  Additional research is needed on creating 
instruments for mathematics teacher efficacy that provide more detailed information 
about what specific aspects of mathematics teaching develop higher efficacy.  In addition, 
once new instruments are developed and validated through the Rasch model, the 
correlation between teacher efficacy and student achievement should be revisited. 
 The instruments analyzed through this study did not have items that specifically 
address beliefs about teaching in an era of mathematics reform.  Development of more 
specific items needs to be added to either pre-existing instruments or the creation of a 
new instrument that combines what was learned from the history of teacher efficacy 
research.  Again, the balance between domain specificity (mathematics teaching) and 
more general teacher activities is relevant when interpreting teacher efficacy (Pajares & 
Urdan, 2006).  Exploration on a theoretical level needs to occur concerning the sources of 
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efficacy and to what level each of the sources contribute to the overall levels of efficacy 
in items for an instrument.   
 In future studies gender should be investigated.  The present study did not have a 
sample large enough to appropriately analyze the differences between men and women.  
Little research exists to date where gender and efficacy is examined.  The same applies to 
ethnicity.  This sample was predominantly of a White background.  Since the present 
study utilized in-service teachers only, no possibility of comparison could be made with 
pre-service teachers.  Do the present and past results with pre-service teachers compare?  
What are the differences between groups and how the instruments behave with each 
group?  Future studies could compare the current instruments using both groups and 
analyze the results using Differential Item Function (DIF).  DIF is a method that 
compares how different groups behave on the construct continuum and has the capability 
to detect bias (Bond & Fox, 2007; Wilson, 2010). 
 Teacher efficacy research has consistently shown strong correlations with student 
achievement.  The results of many early studies (e.g. Ashton & Webb, 1986; Berman & 
McLaughlin, 1997; Gibson & Dembo, 1984) reported strong relationships between 
teacher efficacy and student achievement.  Current studies on teacher efficacy rely on 
these past studies’ results.  Does this still hold true?  Teacher efficacy as a construct 
continues to evolve as the theoretical framework is more concretely defined through 
social cognitive theory.  What is the relationship now?  The present study has shown the 
detailed measurement information that is obtained through Rasch model analysis.  Future 
research should include use of the Rasch model with both measuring teacher efficacy and 
also measuring student achievement. 
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 Current trends in education on teacher accountability have many states and school 
systems reassessing current teacher evaluation measures.  Several states are adopting 
measures that tie teacher effectiveness directly with student performance.  Compensation 
and career direction will now be directly tied to student achievement as some states 
utilize the Race to the Top incentive (United States Department of Education, 2011).  The 
majority of states have adopted the Common Core State Standards (National Governors 
Association Center for Best Practices, Council of Chief State school Officers, 2010) that 
are performance-based objectives for students.  Instructing within the standards-based 
framework requires teachers to instruct in ways that go against the way many of them 
were taught (Hiebert, 1997).  It has been documented that teacher efficacy correlates with 
success of reform measures.  Charalambous and Philippou (2010) found that higher 
efficacy tied to attempts at mathematical reform measures.  Teachers with higher efficacy 
were more likely to try reform measures especially when they felt they had support from 
the administration.  The environment played a key role in the success of the reform 
measures.  There is only a small body of research on teacher efficacy and implementing 
reform measures.  Future research could begin with the development and testing of a 
mathematics teacher efficacy instrument under the Rasch model and follow with 
qualitative studies investigating the triadic reciprocity (social cognitive theory) of the 
relationship between efficacy, the environment, and behavior in the classroom. 
 Teacher evaluation systems are changing with the publishing of the Common 
Core Standards and the beginnings of initiatives such as Race to the Top (United States 
Department of Education, 2011). States have the opportunity to obtain additional 
educational funding by agreeing to plan initiatives to improve student performance and a 
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key piece is that teacher evaluation is overhauled.  Local systems are implementing 
evaluation approaches that tie teacher performance with student progress.  In the state 
where the present study was implemented, teacher pay is no longer going to be based on 
years of experience or highest degree held in coming years.  This particular state is 
pursuing a value-added model of compensation.  The rationale is that having a higher 
degree does not imply better teaching.  The findings of the current study suggest that 
higher degrees correlate with higher teacher efficacy.  Higher efficacy correlates with 
higher student achievement (Ashton & Webb, 1986). Mathematics teachers are currently 
required to teach from a performance-based standpoint in many states.  Over 46 states 
have agreed to use the Common Core Standards (National Governors Association Center 
for Best Practices, Council of Chief State school Officers, 2010)  and teachers are now 
going to be evaluated according to student performance.  How does this affect their 
efficacy levels?  How then does this tie in to the achievement of their students?  These 
areas are more opportunities for future research.   
 The current examination highlighted that differences in mathematics teacher do 
exist between elementary and middle/high school teachers.  Additionally, this study 
compared the use of Classical Test Theory methods and Rasch modeling analyses to 
provide support for the measurement quality of the TSES and MTEBI.  The data analysis 
showed that similar results were obtained from the Classical Test Theory methods as was 
found in the validation studies of the instruments.  At the same time, new information 
was obtained from the Rasch analysis.  Detailed information about the items on the 
instruments and how the response categories were utilized was presented.  The Rasch 
analysis revealed that both instruments may not be appropriate for experienced teachers 
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in that the items do not tap into areas of teaching detailed enough to distinguish between 
levels of efficacy that could be reflected on a continuum.  The response category use was 
also of interest.  On both instruments, the lower categories were not utilized which 
substantiates the scale findings that the instruments may not contain detailed enough 
items to distinguish what might reflect higher or lower efficacy.   
 As was stated in the Introduction: 
 Teachers need to know and use “mathematics for teaching” that combines 
 mathematical knowledge and pedagogical knowledge.  They must be 
 information providers, planners, consultants, and explorers of uncharted 
 mathematical  territory.  They must adjust their practices and extend their 
 knowledge to reflect changing curricula and technologies and to incorporate 
 new knowledge about how students learn mathematics. (National Council for 
 Teachers of Mathematics, p. 370). 
Mathematics teacher efficacy and the belief in the capability to teach mathematics and 
help all students reach their highest level of achievement plays an important role in 
determining how well teachers will work in this current era of mathematics reform.  This 
study provided new information about the measurement quality of existing teacher 
efficacy instruments aimed at capturing teacher efficacy by incorporating Rasch 
modeling into the process of measuring teacher efficacy.  A more detailed understanding 
of the measurement qualities of the construct of mathematics teacher efficacy was 
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Appendix A:  Teachers’ Sense of Efficacy Scale (long form) 
Directions:  This questionnaire is designed to help us gain a better understanding of 
the kinds of things that create difficulties for teachers in their school activities.  Please 
indicate your opinion about each of the statements below.  Your answers are 
confidential. 
 
1. How much can you do to get through to the most difficult students? 
2. How much can you do to help your students think critically? 
3. How much can you do to control disruptive behavior n the classroom? 
4. How much can you do to motivate students who show low interest in school 
work? 
5. To what extent can you make your expectations clear about student behavior? 
6. How much can you do to get students to believe they can do well in school 
work? 
7. How well can you respond to difficult questions from your students? 
8. How well can you establish routines to keep activities running smoothly? 
9. How much can you do to help your students value learning? 
10.  How much can you gauge student comprehensions of what you have taught? 
11.   to what extent can you craft good questions for your students? 
12. How much can you do to foster student creativity? 
13. How much can you do to get children to follow classroom rules? 
14. How much can you do to improve the understanding of a student who is 
failing? 
15. How much can you do to cam a students who is disruptive or noisy? 
16. How well can you establish a classroom management system with each group 
of students? 
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17. How much can you do to adjust your lessons to the proper level for individual 
students? 
18.   How much can you use a variety of assessment strategies? 
19. How well can you keep a few problem students from ruining an entire lesson? 
20. To what extent can you provide an alternative explanation or example when 
students are confused? 
21.   How well can you respond to defiant students? 
22.   How much can you assist families in helping their children do well in 
school? 
23. How well can you implement alternative strategies in your classroom? 
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Appendix B:  Mathematics Teaching Efficacy Beliefs Instrument 
Please indicate the degree to which you agree or disagree with each statement below 
by circling the appropriate letters to the right of each statement. 
1. When a student does better than usual in mathematics, it is often because the 
teacher exerted a little extra effort. 
2. I will continually find better ways to teach mathematics. 
3. Even if I try very hard, I will not teach mathematics as well as I will most 
subjects. 
4. When the mathematics grades of students improve, it is often due to their 
teacher having found a more effective teaching approach. 
5. I know how to teach mathematics concepts effectively. 
6. I will not be very effective in monitoring mathematics activities. 
7. If students are underachieving in mathematics, it is most likely due to 
ineffective mathematics teaching.   
8. I will generally teach mathematics ineffectively. 
9. The inadequacy of a student’s mathematics background can be overcome by 
good teaching. 
10. When a low-achieving child progresses in mathematics, it is usually due to 
extra attention given by the teacher. 
11. I understand mathematics concepts well enough to be effective  n teaching 
elementary mathematics. 
12. The teacher is generally responsible for the achievement of students in 
mathematics. 
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13. Students’ achievement in mathematics is directly related to their teacher’s 
effectiveness in mathematics teaching. 
14. If parents comment that their child is showing more interest in mathematics at 
school, it is probably due to the performance of the child’s teacher. 
15. I will find it difficult to use manipulatives to explain to students why 
mathematics works. 
16. I will typically be able to answer students’ questions. 
17. I wonder if I will have the necessary skills to teach mathematics. 
18. Given a choice, I will not invite the principal to evaluate my mathematics 
teaching. 
19. When a student has difficulty understanding a mathematics concept, I will 
usually be at a loss as to how to help the students understand it better. 
20. When teaching mathematics, I will usually welcome student questions. 
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